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THROMBIN INHIBITORS 



25 Relevant thrombin inhibitors are disclosed by Brady et aL, Bioorganic & Medi^^ 

3 (1995), 1063-78 wherein D-Phe-Pro-Arg-amide and D-Phe-Pro-Lys-X derivatives have been 
disclosed, X being a ketoester or amine. These compounds are disclosed to be slow-binding 
thrombin inhibitors, and likewise these compounds are excluded from the present invention. 
In the search for non-slow-binding thrombin inhibitors Jones et aL, J, Enzyme Inhibition, 9 

30 (1995), 43-60 attempted to obtain improvement by using D-Cha-Pro-Lys-COOH derivatives. 
However, although these derivatives proved to be more potent thrombin inhibitors, they still 
exhibit slow-binding properties. 



all 



iii 



The present invention relates to non-slow-binding thrombin inhibitors, a process for the 
5 preparation of said inhibitors, pharmaceutical compositions containing the same, and the use of pf|lf 
these thrombin inhibitors as antithrombotic agents. 

Much attention has been focused on inhibition of thrombin as potential anticoagulants. 
Inhibitors of the enzyme thrombin, a key serine protease within the blood coagulation cascade 
10 have for some time been considered as potential candidates for anticoagulant prophylaxis and 
therapy. In particular the multiple roles played by thrombin in its actions on coagulation factors, 
H circulating blood components, and the cells of the vessel wall makes it a particularly attractive 
p target in a variety of pathological states. Moreover, limitations associated with currently 
w employed anticoagulants, in particular the occurrence of bleeding complications, necessitate the 
i$y search for more specifically-acting agents. 
3 Many peptide(-like) serine protease inhibitors have been disclosed, amongst which transition 
* state inhibitors of thrombin. Many of these latter compounds, however, are slow-binding 
U inhibitors. The use of slow-binding inhibitors of thrombin is open to criticism. In vivo, thrombin 
is constantly generated in plasma and thrombin inhibitors primarily function by slowing 
20 S thrombin formation through inhibiting thrombin-mediated amplification steps. To slow down 
? such amplification cascade, a non-slow-binding inhibitor would be preferable. A larger dose of a 
slow-binding inhibitor would be needed to achieve the same effect, with a correspondingly 
increased risk of side-effects. 
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X being carboxyamide or carboxylic acid. These compounds, among which specifically 
disclosed Me-D-Phe-Pro-Lys-COOH, are classified as slow-binding inhibitors. This compound 
therefore does not fulfil the requirements of the present invention and is excluded from 
protection. 

5 A thrombin inhibitor with an aikyi-substituted lysine is disclosed in US 5,523,308. 

In earlier references other Phe-Pro-Lys sequences are described, for example by Iwanowicz et 
al. in Bioorganic & Medicinal Chemistry Letters, 2 (1992), 1607-12, which discloses D-Phe- 
Pro~Lys-X derivatives, X being i.a. a ketoester. Such compounds may also be described as 
slow-binding thrombin inhibitors. 
10 Other types of peptides for inhibition of different serine proteases are also disclosed. Tsutsumi 
. et al. h I Med. Chem., 37 (1994), 3492-3502 described peptide-like compounds having 
□ thiazole and benzothiazole C-terminal ends. It was found that such thiazoie derivatives are 300 
?% times more potest than the corresponding thiophene analogues. It was further posited that C- 
l 'p s terminal heterocyclic groups would provide a critical hydrogen-bond interaction with the 
15 hi histamine of the protease prolyl endopeptidase. Although it was further suggested that this 
" feature may well be capable of extension to other serine proteases, thrombin proteases were not 
0 specifically mentioned. The mechanistic explanation of Tsutsumi was later challenged by 
§ Edwards et aJ. in J. Med. Chem., 21 (1995), 76-85, but also these authors found that elastase 

4* inhibitors of the type D-Phe-Val-Pro-Val-X, X being thiazole and benzothiazole, are non-slow- 

rl . 

20 f y binding inhibitors of the relevant serine protease. These authors suggest the development of 
peptidyl a-ketoheterocycles as inhibitors of other serine proteases as well. 

The present invention relates to the surprising finding that the teachings of Edwards, Tsutsumi 
and others can also be applied to thrombin inhibitors. The application of the C-terminal hetero- 
25 cycles to the compounds as disclosed by Lewis, Jones and Brady provide potent thrombin 
inhibitors having non-slow-binding properties to thrombin. Moreover, many of these 
compounds show improved biological half-lifes and oral bioavailability. 

The invention therefore relates to non-slow-binding thrombin inhibitors of the formula: 
30 A-B-C-Lys-D 
wherein 

A is H, 2-hydroxy-3-cyclohexyl-propionyI-, R\ 9 Rj-O-CO-, Rj-CO-, R1-SO2-, 
-{CHR2) n COOR3, or an N-protecting group, wherein 
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Rl is selected from -(l-6C)a!kylene-COOH, (l-12C)aIkyi, (2-l2C)alkenyl, 
(6-I4C)aiyl, (7-15C)aralkyl and (8-16C)aralkenyl, the aiyi group of which may be 
substituted with (l-6C)aIkyi, (2-12C)alkoxy, hydroxy, or halogen; 
R-2 is H or has the same meaning as Ri ; 

R 3 is selected fromH, (l-12C)alkyl, (2-12C)alkenyl, (6-14C)aryl, (7-15C)aralkyl and 

(8-16C)aralkenyl, the aryl group of which may be substituted with (l-6C)alkyl, 

(2-12C)alkoxy, hydroxy, or halogen; 

n is an integer of 1 to 3; 
B is a bond, L-Asp or an ester derivative thereof, Leu, norLeu, -N(benzyO-GH2-CO-, 
-N(2-indane)-CH2-CO-, D-l-Piq, D-3-Piq, D-Tiq, Ate or a D-amino acid having a 
l„t hydrophobic aromatic side chain; 

; S { C is Azt, Pro, Pec, norLeu(cyclo)Gly, an amino acid of one of the foraiulae 
W ^P^QcycloalMKH^O-o^ 

i ■ J D is selected from COOH, tetrazole, oxazoie, thiazole and benzothiazole; 

W or A and C have the aforesaid meanings, B is D^3-8C)cydoalkyialanine r and D is tetrazole, 

oxazole, thiazole or benzothiazole; 
| s J or a prodrug thereof; 
CI or a pharmaceutically acceptable salt thereof; 
jSjrith the exception of the compound Me-D-Phe-Pro-Lys-COOH. 
Ill 

The compounds of the present invention are useful for treating and preventing thrombin- 
mediated and thrombin-associated diseases. This includes a number of thrombotic and 
prothrombotic states in which the coagulation cascade is activated which include, but are not 
limited to, deep vein thrombosis, pulmonary embolism, thrombophlebitis, arterial occlusion 
from thrombosis or embolism, arterial reocclusion during or after angioplasty or thrombolysis, 
restenosis following arterial injury or invasive cardiological procedures, postoperative venous 
thrombosis or embolism, acute or chronic atherosclerosis, stroke, myocardial infarction, cancer 
and metastasis, and neurodegenerative diseases. The compounds of the invention may also be 
used as anticoagulants in extracorporeal blood circuits, as necessary in dialysis and surgery. 
The compounds of the invention may also be used as in vitro anticoagulants. 

Preferred compounds according to this invention are the compounds wherein D is COOH. In 
addition, preferably A is H, (l-I2C)alkyi, -CO^lSQaralkyl, -S0 2 -(l-12C)alkyl, 
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-S02-(6-14C)aryi, or -S02-CM5C)aralkyl; B is a bond, L-Asp, norLeu, D-l-Piq, or D-Phe; 
and C is Pro, norLeu(cyclo)Gty, or -N-cyclopentyl-CH2-CO-. More preferred are the non- 
slow-binding thrombin inhibitors wherein A is -SC>2-benzyl, B is a bond, and C is 
norLeu(cyclo)Gly, or wherein A is -S02-ethyl, B is D-Phe, and C is Pro; or wherein A is 
5 hydrogen, B is D-l -Piq, and C is Pro. 

Other preferred compounds according to the invention are those wherein D is oxazole or 
thiazole. Further, preferably A is H, (l-12C)alkyl, 2-hydroxy-3-cyclohexyI-propionyh 
-CCKCH2)nCOOH, -CO-(7-15C)aralkyl, -S02-(6-14C)aryl, -S02-(7-15C)aralkyl, 
10 -S02-(l-12C)alkyl, -(CHR^COORs, R 2 being H or (l-12CalkyI) and R3 being H, 
| ;ci (l-12C)alkyl or benzyl; and C is Pro, norLeu(cyclo)Gly, or -N[(3-8C)cycloaIkyl]-CH2-CO-. 
^Particularly preferred are the non-slow-binding thrombin inhibitor wherein A is 
UKCH2)nCOOR3, R, being H, (l-12C)alkyl or benzyl; B is D-(3-8C)cycloalkylalanine, or D-Phe 
yoptionally monosubstituted with alkoxy or halogen; and C is Pro. The most preferred 
15 ^compounds of the invention are compounds wherein D is thiazole. Specifically preferred is the 
a non-slow-binding inhibitor HOOC-CH^D^ha-PrcnLys^thiazoljd). 

□The N-protecting group as defined in the definition of moiety A is any N-protecting group as 
3|Used in peptides. Suitable N-protecting groups can be found in T.W. Green and P.G.M. Wuts: 
20 illProtective Groups in Organic Synthesis, Second Edition (Wiley, NY, 1991) and in The 

Peptides, Analysis, Synthesis, Biology, Vol. 3 E. Gross and J. Meienhofer, Eds., (Academic 

Press, New York, 1981). 

Alkyl, as used herein, is a branched or unbranched alkyi group having 1 to 12 carbon atoms, 
such as methyl, ethyl, isopentyl, dodecyl, and the like. 
25 The term (l-6C)alkylene means a branched or unbranched alkylene group having 1 to 6 carbon 
atoms, such as -(CH 2 ) m - and m is 1 to 6, -CH(CH 3 )-, ~CH(CH 3 MCH 2 K etc. The preferred 
alkylene group is methylene. 

Alkenyi is a branched or unbranched unsaturated alkenyl group having 2 to 12 carbon atoms. 
Examples are ethenyl, propenyl, ally!, and the like. 
30 Aralkyl and aralkenyl groups are alkyl and alkenyl groups respectively, substituted by one or 
more aryl groups, the total number of carbon atoms being 7 to 15 and 8 to 16, respectively. 
Preferred aralkyl groups are e.g. of the formulae -(CH 2 ) P ~CH-(C6H 5 )2, p being 1 or 2, or 
-(CH2VC6H5 optionally substituted with halogen, q being 1,2 or 3. 
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Aryl in above-mentioned definition and in the definition of aryl, as used in the compound of the 
invention, is an aromatic moiety of 6 to 14 carbon atoms. The aryl group may further contain 
one or more hetero atoms, such as N, S, or 0. Examples of aryl groups are phenyl, naphthyl, 
(iso)quinolyl, indanyi, and the like. Most preferred is the phenyl group. The aryl group may be 
5 substituted with on or more aikyi groups, preferably methyl, alkoxy groups, preferably 
methoxy, hydroxy, or halogen. The term halogen means fluorine, chlorine, bromine or iodine. 
Chlorine is the preferred halogen. 

The terms EM-Piq and D-3-Piq mean 1- and 3-carboxyperhydroisoquinoiine, respectively. The 
term Tiq means 1,2,3,4-tetrahydroisoquinoline-carboxylic acid. Ate is 2-aminotetralin-2- 
io carboxyiic acid. The terms Azt and Pec mean 2-azetidine carboxylic acid and pipecolinic acid, 
I repectively. 

CI The term norLeu(cyclo)Gly means a structural fragment of the formula 
S -NH-CH ^N-CH 2 -C(0)- 



%l O 

The term hydrophobic aromatic side chain means a (l-12C)alkyl substituted with one or more 
15 M(6-14C)aryl groups (which may contain a heteroatom, e.g. nitrogen) such as phenyl, pyridinyl, 

naphthyl, tetrahydronaphthyl, and the like, which hydrophobic side chain may be substituted 
gfwith hydrophobic substituents such as halogen (preferably chlorine), trifluoromethyl, lower 

aikyi (for instance methyl or ethyl), lower alkoxy (for instance methoxy), phenyloxy, benzyloxy, 

and the like. 

20 The term (3-8C)cycloalkyl means cyclopropyl, cyciobutyl, cyclopentyl, cyclohexyl, cycloheptyl 
or cyclooctyl. 

Tetrazole, oxazole, thiazole and benzothiazole have the following formulae, respectively: 
N ^w 

-<J -O -O 

O"^ S-^ 
H 

25 The invention also includes prodrugs of the compounds of the general formula, which after 
administration are metabolized into the active compounds. Suitable prodrugs are for example 
N-alkoxycarbonyl protected (preferably N-ethoxycarbonyl) derivatives of the general formula. 
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As used herein the term pharmaceutical^ acceptable salt refers to salts that retain the desired 

biological activity of the parent compound and preferably do not impart any undesired toxic 

effects. Examples of such salts are acid addition salts formed with inorganic acids, for example 

hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric add nitric acid, and the like. 

5 Salts may also be formed with organic acids such as, for example, acetic acid, oxalic acid, 
tartaric acid, succinic acid, maleic acid, fumaric acid, gluconic acid, citric acid, malic add, 
ascorbic acid, benzoic acid, tannic acid, pamoic acid, alginic add, polyglutamic add, and the 
like. Salts may be formed with polyvalent metal cations such as zinc, calrium, bismuth, barium, 
magnesium, aluminum, copper, cobalt, nickel and the like, or with an organic cation formed 

10 from HN'-dibenzylethylenediamine or ethylenediamine, or combinations thereof (e.g. a zinc 
tannate salt). 

: ^ The compounds of this invention possess one or more chirai carbon atoms, and may therefore 
J! be obtained as a pure enantiomer, or as a mixture of enantiomers, or as a mixture containing 
15 diastereomers. Methods for obtaining the pure enantiomers are well known in the art, e.g. 
crystallization of salts which are obtained from optically active adds and the racemic mixture, 
or chromatography using chirai columns. For diastereomers straight phase or reversed phase 
^columns may be used. 

as 

4* 

20 ii|The invention further indudes a process for preparing a compound of the formula, the process 
including coupling suitably protected amino acids or amino acid analogs, followed by removing 
the protecting groups. 

The compounds according to the general formula may be prepared in a manner conventional for 
25 such compounds. To that end, suitably Na protected (and side-chain protected if reactive side- 
chains are present) amino acid derivatives or peptides are activated and coupled to suitably 
carboxyl protected amino add or peptide derivatives either in solution or on a solid support. 
Protection of the a-amino functions generally takes place by urethane functions such as the 
acid-labile tert-butyioxycarbonyl group (Boc), benzyloxycarbonyl (Z) group and substituted 
30 analogs or the base-labile 9-fluorenyl-methyloxycarbonyl (Fmoc). group. The Z group can also 
be removed by catalytic hydrogenation. Other suitable protecting groups include the Nps, Bmv, 
Bpoc, Aloe, MSC, etc, A good overview of amino protecting groups is given is given in The 
Peptides, Analysis, Synthesis, Biology, Vol. 3 E. Gross and J. Meienhofer, Eds., (Academic 
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Press, New York, 1981). Protection of carboxyl groups can take place by ester formation e.g. 
base-labile esters like methyl or ethyl, acid labile esters like tert. butyl, or hydrogenolytically- 
labile esters like benzyl. Protection of side-chain functions like those of lysine can take place 
using the aforementioned groups. Activation of the carboxyl group of the suitably protected Iffl 

5 amino acids or peptides, can take place by the azide, mixed anhydride, active ester, or 
carbodiimide method, especially with the addition of catalytic and racemization-suppressing 
compounds like 1-hydroxybenzotriazole, N-hydroxysuccinimide, 3~hydroxy-4-oxo-3,4-dihydro- 
1,2,3,-benzotriazine, N-hydroxy-5-norbornene-2,3-dicarboximide. Also the anhydrides of phos- 
phorus based acids can be used. See, e.g. The Peptides, Analysis, Synthesis, Biology, supra and 

10 Pure and Applied Chem. 59(3), 33 1-344 (1987). 



Q It is also possible to prepare the compounds by the solid phase method of Merrifidd. Different 
'?% solid supports and different strategies are known see, e.g. Barany and Merrifidd in The 
ll Peptides, Analysis, Synthesis, Biology, Vol. 2, E. Gross and J. Meienhofer, Eds., (Acad. Press, 

15 uj N.Y., 1980), Kneib-Cordonier and Mullen Int. J. Peptide Protein Res., 30, 705-739 (1987) and 
^ Fields and Noble Int. J. Peptide Protein Res., 35, 161-214 (1990). ^ r 

□ Removal of the protecting groups, and, in the case of solid phase peptide synthesis, the 
% cleavage from the solid support, can take place in different ways, depending on the nature of 
=K those protecting groups and the type of linker to the solid support. Usually deprotection takes 

20 kj place under acidic conditions and in the presence of scavengers. See, e.g. volumes 3, 5 and 9 of 
the series on The Peptides Analysis, Synthesis, Biology, supra. 

Another possibility is the application of enzymes in synthesis of such compounds; for reviews 
see e.g. H.D. Jakubke in The Peptides, Analysis, Synthesis Biology, Vol. 9, S. Udenfriend and 
J. Meienhofer, Eds., (Acad. Press, N.Y., 1987). 

25 

However made, the compounds are useful for the manufacture of medicaments which have use 
in treating disease states involving undesired blood coagulation. In such a case the particular 
compound synthesized will typically be associated with a pharmaceutical carrier. 
Pharmaceutical carriers vary from things as relatively simple as sterilized water for injection to lilll^ 
30 things as relatively complicated as microspheres and biodegradable implants. 

As medicaments, the compounds are preferably administered orally, subcutaneously, topically, 
intranasally, intra-venously, intramuscularly or locally (e.g. via an implant). Depot 
administration is also possible. 
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The exact dose and regimen for administration of these compounds and compositions will 
necessarily be dependent upon the needs of the individual subject to whom the medicament is 
being administered, the degree of affliction or need, and of course, the judgment of the medical 
practitioner. In general parenteral administration requires lower dosages than other methods of 
administration which are more dependent upon absorption. Illustratively however, the dosages 
are in the range of 0.001-100 mg per kg body weight, preferably 0.01-10 mg per kg body 
weight. 

The medicament manufactured with the compounds may also be used as adjuvant in acute 
anticoagulant therapy. In such a case, the medicament is administered with other compounds 
useful in treating such disease states. 

The compounds may also be used with implantable pharmaceutical devices such as those 
described in US Patent 4,767,628, the contents of which are incorporated by this reference. 
Then the device will contain sufficient amounts of compound to slowly release the compound 
(e.& for more than a month). 

Methods of making medicaments which can be adapted to contain the compound for enteral or 
parenteral administration are described in the standard reference, Gennaro et al., Remington's 
Pharmaceutical Sciences, (18th ed., Mack Publishing Company, 1990, see especially Part 8: 
Pharmaceutical Preparations and Their Manufacture), pages 1519 through 1580. Mixed with 
pharmaceutical^ suitable auxiliaries, the compounds may be compressed into solid dosage 
units, such as pills, tablets, or be processed into capsules or suppositories. By means of 
pharmaceutically suitable liquids the compounds can also be applied in the form of a solution, 
suspension, emulsion, e.g. for use as an injection preparation, or as a spray, e.g. for use as a 
nasal spray. 

For making dosage units, e.g. tablets, the use of conventional additives such as fillers, colorants, 
polymeric binders and the like is contemplated. In general any pharmaceutically acceptable 
additive which does not interfere with the function of the active compounds can be used. 
Suitable carriers with which the compositions can be administered include lactose, starch, 
cellulose derivatives and the like, or mixtures thereof used in suitable amounts. 
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The invention is further explained by reference to the following illustrative Examples. 
Example 1 

3,3«PiphenylpropiQnyl-Pro-Ly^ >(2>thi^zQ lyl) 
5 " ' 

33-Diphenvlpropionvl-pr olyUmethvlester 

To a cold solution (0 °C) of 3,3-diphenylpropionic acid (5.0 g) in ethyl acetate (100 ml) were 

successively added DCCI (U3^!icycIohe5cylc^rt)odumide; 5.03 g), HOBt (1-hydroxy- 

benzotriazole hydrate; 3.28 g), H-Pro-OMe.HCl (3,66 g) and triethyiamine (3.1 ml). The 

10 reaction mixture was stirred at 0 °C for 1 h and then kept at room temperature overnight. The 

reaction mixture was cooled to -20 °C and DCU (1,3-dicyclohexyhirea) was removed by 

filtration. The filtrate was washed successively with 5% sodium hydrogencarbonate, water, 5% 

potassium hydrogensulfate and saturated aqueous sodium chloride, dried over sodium sulfate f 

$nd concentrated in vacuo. The residue was purified by chromatography on silica (eiuent: di- 
i „* I 
15 ; yhioromethane/ethyi acetate; 9/1 v/v) to yield 5.68 g of 3,3nliph^proponyl-prolylmethylester 1 
""I * * „ \ 

m a crystalline powder. TLC: Rf= 0.75, silica gd, dichloromethane/ethyl acetate * 7/3 v/v. 

i j_ 

a3-P}phCTylpropiony}-pro t yl-Q H 

J: 

:%3-Diphenylpropionyl-prolyl-methylester (5.6 g) dissolved in dioxane/water; 7/3 v/v (60 ml) 

20 '#as treated with a 4 M sodium hydroxide solution (6.2 ml) portionwise over 30 min at room j 

J 

temperature, keeping the pH at 10-10.5. After 30 min the reaction mixture was diluted with j 
water (60 ml), a 4 M hydrochloric acid solution was added until pH 2.0 and the water layer was \$Z£0k 
extracted with ethyl acetate. The combined organic phases were washed with water, saturated 
aqueous sodium chloride and dried over sodium sulfate and the solvent was removed by 
25 evaporation yielding 3,3-diphenylpropionyl-prolyl-OH as a syrup (5.18 g). TLC: Rf = 0.65, 
silica gel, EPAW (ethyl acetate/pyridine/acetic acid/water) 63/20/6/1 1 v/v/v/v. 

Bw-]Lys(Cb^NMgOM^ 

Boc-Lys(Cbz>OH.DCHA (10 g) was suspended in dichloromethane (200 ml). The suspension 
30 was washed with cold 0. IN hydrochloric acid solution twice. 2-{lH-benzotriazol-i-yl)-l > i > 3,3- 
tetramethyluronium tetrafluoroborate (6.0 g) and 0,N-dimethyl-hydroxylamine hydrochloric 
acid (1.82 g) were added to the resulting organic phase and the pH was adjusted to pH 8 by 
adding triethyiamine. The reaction mixture was stirred for I h at room temperature. The 
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mixture was washed successively with cold 2N hydrochloric acid solution, water, 5% sodium 
hydrogencarbonate, and water. The organic layer was dried over sodium sulfate, filtered and 
evaporated. The residue was purified by chromatography on silica (eluent: dichloro- 
methane/methanol; 5/5 v/v) to yield Boc-Lys(Cbz)-NMeOMe (7.2 g). TLC : Rf - 0.55, silica 
5 gel, dichloromethane/ methanol 95/5 v/v. 

BooLy?(Cb Z H2>thia^olyl) 

To a cold (-78 °C), stirred solution of n-butyllithium (63.9 mmol) in diethyl ether (58 ml), was 
added dropwise a solution of 2-bromothiazole (10.5 g) in diethyl ether (30 ml). The solution 
10 was stirred at -78 °C for 30 min, after which a solution of Boc-Lys(Cbz)-NMeOMe (8.2 g) in 
y dry THF (tetrahydrofuran; 75 ml) was added slowly. The mixture was stirred at -78 °C for 1 h, 
Q then 5% aqueous sodium hydrogencaibonate was added. The mixture was allowed to warm to 
room temperature and the layers were separated. The aqueous layer was extracted with diethyl 
r._ ether. The combined organic layers were washed with water, dried over sodium sulfate, filtered 

15 L and evaporated. The residue was purified by chromatography on silica (eluent: ethyl 

SI 

acetate/heptane; 3/1 v/v) to yield Boc-Lys(CbzH2-thiazolyl) (8.6 g). TLC: Rf - 0.77, silica gel, 
P ethyl acetate/heptane * 3/1 v/v. 

! '■ 

m 

;:|H-Lys(Cb 2 V(2- < h}a Z QlYl).TFA 
20 r||Boc-Lys(Cb2H2-thiazolyl) (500 mg) was dissolved in 50% TFA(trifluoroacetic 
acid)/dichloromethane (5 ml) and stirred for 1 h at room temperature. The crude H-Lys(Cbz)- 
(2-thiazolyl).TFA was isolated in quantitative yield after removal of the solvent by evaporation, 
and used immediately in the next step. TLC: Rf = 0.25, silica gel, EPAW = 63/20/6/1 1 v/v/v/v. 

25 3.3-Diphenvlpropionvl-Pro-Lys(CbzVf2-thiazolvft 

To a cold (0 °C) solution of 3,3-diphenylpropionyl-prolyl-OH (385 mg) in dimethyl formamide 
(5 ml) were successively added DCCI (270 mg), HOBt (176 mg), H-Lys(Cbz)-(2- 
thiazoiyl).TFA (515 mg) and N-ethyimorpholtne (0.28 ml). The reaction mixture was stirred at 
0 °C for 1 h and then kept overnight at room temperature. The mixture was cooled to -20 °C 

30 and DCU was removed by filtration. The filtrate was evaporated to dryness. The residue was 
dissolved in ethyl acetate and washed successively with 5% aqueous sodium hydrogen- 
carbonate, water, 5% aqueous potassium hydrogensulfate and saturated aqueous sodium 
chloride, dried over sodium sulfate and concentrated in vacuo. The residue was purified by 
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chromatography on silica (duent: ethyl acetate/heptane; 4/1 v/v) to yield 3,3-diphenylpropionyl- 
Pro-Lys(Cb2H2-thia2olyl) (332 mg). TLC: Rf = 0.40, silica gel, ethyl actetate/heptane; 3/1 v/v. 

3 r 3>Diphenyipropionyl-Pro-Lys-f2-thia2olvr> 
5 3,3-Dipheaylpropionyl-Pro-Lys(CbzH2-thia2olyL) (320 mg) was treated with TFA/thioanisole 
10/1 v/v (3.3 ml) for 3 h at room temperature. The reaction mixture was concentrated in vacuo 
and the residue was dissolved in water. The aqueous phase was washed extensively with diethyl 
ether. 

The water layer, containing 3,3^iphenylpropionyl-Pro--Lys-<2-thiazolyl) was charged directly 
10 onto a preparative HPLC Supelcosil LC- 1 8-DB column using a gradient elution system of 20% 
A/ 60% B/ 20% C to 20% A/ 80% C over 45 min, at a flow rate of 20 ml/min. (A: 0.5 M 
r! sodium phosphate buffer pH 2. 1, B: water, C: acetonitrile/water; 3/2 v/v). 
1 5 -j Yield: 47 mg of 3,3-diphenylpropionyl-Pro-I^<2-thiazolyl). TLC: Rf = 0.57, silica gel, 
m EPAW; 63/20/6/1 1 v/v/v/v. R t (LC) : 32.9 min 20% A/ 60% B/ 20% C to 20% A/ 0% B/ 80% 
15 i . } C in 40 min. 

□ Example 2 

h% 
MS 

«S In a similar manner as described in Example 1 were prepared: 

hi! 

20 in 

; sir 

(a) . H-D-Ph©-Pro-Lys-(2-thiazoiyl) 

Rt (LC): 25.67 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 

(b) . H-D- 1 -Tiq-Pro-Ly s-(2-thiazolyl) 

25 R t (LC): 23.40 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 
(Tiq = tetrahydroisoquinolin) 

(c) . H-D-(p-Cl)-Phe-Pro-Lys-(2-thiazolyl) 

R t (LC): 30.47 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 

30 

(d) . Indaneglycyi-(N-cyciopropyl>Gly-Lys-(2-thia2olyl) 

R t (LC): 27.88 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 
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(e).H-D-Phe-(N-cyclopentyi)-Gly-Lys-(2-thia2olyi) 

Rt (LC): 31.07 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 

(O.Acetyl-D-Phe-(N-cycIopropyi)-Gly-Lys-(2-thia2olyl) 
5 R t (LC): 33.73 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 

(g) . H-D-Cha-Pro-Lys-(2-thiazolyl) 

Rt (LC): 30.59 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 
(Cha = cyclohexyialanine) 

10 

(h) .H-D-Phe<NH^clopropyI><jly-Lys-(2-thiazolyl) 

Q Rt (LC): 5.1 min isocratic; 55/45 MeOH/25 mM phosphate pH ~ 7. 

Jl (i). 3,3-Diphenyipropionyl-(N-cyclopropyl)-Gly-Lys-(2-thiazolyl) 
15 1 ,j Rt (LC): 8.1 min isocratic; 75/25 MeOH/25 mM phosphate pH * 7. . 

Q 0). H-D-Phe-(N-cydobutyl)-Gly-Lys-(2-thiazolyl) 

K Rt (LC): 30.59 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 

r4 

20 i| (k). H-Atc-Pro-Lys-(2.thiazoiyl) 

Rt (LC): 27.79 + 28.04 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 
(Ate = 2-aminotetralin-2-carboxyiic acid) 

(I). H-D-Phe-(N-benzyl>Giy-Lys-(2-thiazolyi) 
25 Rt (LC): 16.99 min; 20% A/60% B/ 20% C to 20% AJ 0% B/ 80% C in 40 min. 

(m).H-D-Cha-(N-cyclopropyi)-Giy-Lys-(2-thiazoiyl) 

Rt (LC): 30.84 min; 20% A/80% B/ 0% C to 20% AJ 20% B/ 60% C in 40 min. 

30 (n). p-chloro-3-phenylpropionyl-(N-cyclopentyi)-GIy-Lys-(2-thiazolyO 

Rt (LC): 36. 1 5 min; 20% A/60% B/ 20% C to 20% A/ 0% B/ 80% C in 40 min. 

(o). (N-benzyi)-Giy-(N-cyclopentyi)-Gly-Lys-(2-thiazolyI) 
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(e).H-D-Phe-(N-cyciopentyl)-Gly-Lys-(2-thiazolyl) 

Rt (LC): 3 1.07 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 

(0- Acetyl-D-Phe-(N-cyclopropyi)-GIy-Lys-(2-thiazolyI) 
5 R t (LC): 33 .73 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 

(g). H-D-Cha-Pro-Lys-(2-thia2olyl) 

Rt (LC): 30.59 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 
(Cha = cyciohexyialanine) 

10 

j„: (h). H-D-Phe-(N-qrcIopropyl)-GIy-Lys-(2-thiazolyl) 

Rt (LC): 5. 1 min isocratic; 55/45 MeOH/25 mM phosphate pH = 7. 

\M 

Ci (»)• 3,3-DiphenyIpropionyI-^-<grcIopropyl)-GIy.Lys-(2-thiazoIyi) 
15Ul Rt (LC): 8. 1 min isocratic; 75/25 MeOH/25 mM phosphate pH = 7. 

g (j). H-I>.Phe^<7dobutyi>Gly4^ 

q Rt (LC): 30.59 min; 20% A/80% B/0% C to 20% A/ 20% B/ 60% C in 40 min. 

20 111 (k). H-Atc-Pro-Lys-(2.thiazoly0 

Rt (LC): 27.79 + 28.04 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 
(Ate = 2-aminotetraUn-2-carboxylic acid) 

(I). H-D-Phe-(N-benzyl)-Gly-Lys-(2-thiazolyl) 
25 Rt (LC): 16.99 min; 20% A/60% B/ 20% C to 20% A/ 0% B/ 80% C in 40 min. 

(m).H-D-Cha-(N-cyclopropyl)-Gly-Lys-(2-thiazoiyl) 

Rt (LC): 30.84 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 

30 (n). p-chloro-3-phenylpropionyl-(N-<^clopentyi)-Gly-Lys<2-thiazolyl) 

Rt (LC): 36. 15 min; 20% A/60% B/ 20% C to 20% Al 0% B/ 80% C in 40 min. 

(o).(N-benzyl)-Gly-{N-cycIopentyl)-Giy-Lys-(2-thia2oiyI) 
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Rl (LC): 28.14 min; 20% AJ 80%B/ 0% C to 20%A/ 80% C in 40 min. 
Example 3 

HQQC-C^-D-Cha-fN-cvdopentvn-Glv-Lvs^-thi^olyn 

5 

^ N^vclopentvl-Glv-OMe 

To a solution of 23.2 g of H-Gly-OMe.HCl in 200 ml of methanol was added 15.6 g of 
cyclopentanone. The mixture was stirred for IS min. and 7 g of sodium cyanoborohydride was 
added. The pH was adjusted to 6. The reaction mixture was stirred for 16 h at room tempe- 
io rature. To complete the reaction 1 g of cyclopentanone was added and stirring was continued. 
u The reaction was monitored on TLC. When all the starting material had disappeared, the 
1 mixture was acidified to pH 2 and stirred for 30 min. The solvent was removed and the residue 
diluted with water. The solution was washed with ether, the pH adjusted to 12 with 6N sodium 
^hydroxide and extracted with dichloromethane. The combined organic layers were washed with 
15 saturated sodium chloride solution, dried on sodium sulfate and evaporated in vacuo to yield 
16 g of an oil. . - 

QRf = 0.46 in ethyl acemte/pyridine/ac^ic acid/water 63/20/6/1 1 v/v/v/v on silica. 

j^^tvloxv<^onvl-methvlVJ>^ha.^)Me 

20 f|po a stirred solution of 26 g of H-D-Cha-OMe.HCi in 300 ml of acetonitrile was added 17 g of 
t-butyl-bromo acetate. The pH of the reaction was adjusted to 8.5 with diisopropylethylainine. 
The mixture was stirred for 16 h at room temperature and evaporated in vacuo. The residue 
was dissolved in dichloromethane and the solution was washed with water, dried on sodium 
sulfate and evaporated in vacuo. Chromatography over silica gel in hexanerethyl acetate 9:1 v/v 

25 gave 20 g of the title product. 

Rf * 0.46 in ethyl acetate/pyridine/acetic acid/water 15.75/5/1.5/2.75 v/v/v/v on silica. 

N.N-Boc.(t>butvloxvcarfaonvKmethvlVD>Cha^OMe 

The pH of a solution of 20 g of N-(t-*utyloxy-methyl)-I>.Cha-OMe and 17 g of di-t-butyl 
30 dicarbonate was adjusted to pH 8.5 with diisopropylethylamine. The mixture was stirred for 16 
h at room temperature. The solvent was removed in vacuo. To the residue was added dichloro- 
methane and water The organic layer was separated, washed with cold IN hydrogen chloride, 
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water, 5% sodium hydrogencarbonate and water. The organic layer was dried on sodium sulfate 
and the filtrate was evaporated to an amorphous solid with a yield of 28 g. 
Rf = 0.60 in ethyl acetate/pyridine/acetic acid/water 252/20/6/1 1 v/v/v/v on silica. 

5 N.N-Boc.(t>butvloxvcarbonvl-methvlVD-Cha'OH 

A solution of 28 g of N,N-Boc,(t-butylcarbonyi-methyI>D-Cha-OMe in 420 ml of 
dioxane:water 9/1 was treated with sufficient IN sodium hydroxide to keep the pH at 13 for 90 
min. at room temperature. After acidification, the mixture was poured into water and extracted 
with dichloromethane. The organic layer was washed with water and dried on sodium sulfate. 

io The filtrate was evaporated and yielded 24 g of the title compound. 
Rf « 0.23 in dichloromethane/methanol 9/1 v/v on silica. 

□ in 

ON,>^QC,fH)utyloxvcart>pnyl^ 

i |To a solution of 24 g of N,N-BocXt-butyloxycarbonyI-meth>4)-D^ha-OH in 300 ml of N,N- 
15 dimethyiformamide was added 10.2 g N^clopentyl-Gly-OMe and 21.2 g of 2-(lH- ! 
|benzotriazol-l-yl)-lJ3,3-tetraniethyluroniuni tetrafluoroborate (TBTU). , 
pnThe pH of the mixture was adjusted to 8.5. The mixture was stirred overnight at room 
^temperature and concentrated by evaporation. Water and ethyl acetate were added to the 
jyesidue. The organic layer was separated and washed with IN hydrogen chloride, water, 5% 



evaporated and the residue was chromatographed on silica gel in hexanerethyl acetate 8:2 as 
eluent The fractions containing the title product are pooled and evaporated. Yield: 17 g. Rf = 
0.57 in hexane/ethyl acetate 7/3 v/v on silica. l|tii£ 

25 N.N-Bocit-butvloxvcarbonyl-met 

Using the same procedure as for N^-BocXt-butyloxycarbonyl-methyl^D-Cha-OH, 17 g of 
N,N-BocXt-butyloxyaulK>nyU^ is saponified and 

yielded 15 g of an amorphous solid. Chromatography over silica gel with dichloro- 
methane/methanol 95/5 v/v as eluent gave 13 g of the title compound. 

30 Rf = 0.30 in methylene chloride/methanol 9/1 v/v on silica. 
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HOOC-CH 2 -D-Cha.^N-cv clopentvlVGIv-Lvs-r2-thiazolvn 

Using N,N-Boc^t-bu^oxycarfaonyl-methyl)-D-Cha<N^dopentyl)-Gly-OH in similar 
procedures as described for example 1, this compound was prepared. 
Rt (LC): 23.57 min; 20% A, 60% B, 20% C to 20% A, 80% C in 40 min. 

5 

_• '-_ (a). In a similar manner as described above using Proline.HCl and HONSu (as in example 1 1) 
HOOC-CH 2 -D-Cha-Pro-Lys-(2-thiazolyl) was prepared. Rt (LC): 31.44 min; 20% A, 80% B, 
0% C to 20% A, 20% B, 60% C in 40 min. 



10 £xampie4 . 

3-Phenylpropionyl-Pro-Lys^[COCO]-OH 

Boc-LvsTChzVOMft - 
; 0Boc4^Cbz)-OH (25 g) was dissolved in dichloromethane/methano. * 9/1 v/v (500 ml). 
15 s J TBTU (21. 1 g) was added and the solution adjusted to pH 8 by addition of triethytamine. The 

reaction mixture was stirred for 1 h at room temperature. The mixture was washed successively 
□with cold 2N hydrogen chloride solution, water, 5% sodium hydrogencarbonate, and water. 
JIIIThe organic layer was dried over sodium sulfate, filtered and evaporated. The restdu was 

^purified by chromatography on silica (eluent: ethyl acetate/heptane - 1/4 v/v) to yield Boc- 

ri 

20 pyLys(Cb2)-0Me (26.7 g). TLC: Rf = 0.79, silica gel, ethyl acetate/heptane = 3/1 v/v. 
Bog-LYs(Cbg)T[gyanoacgtatc] 

To a cold (-78 °C) solution of Boc-Ly<Cbz)-OMe (20 g) in dry dichloromethane (600 ml) was 
added dropwise diisobutyi aluminiumhydride (127 ml of 1M solution in hexane) at a rate to 

25 keep the reaction temperature below -70 °C. The resulting solution was stirred at -78 °C for 30 
min. A 5% citric-acid solution (500 ml) was added to the reaction mixture. The two layer 
mixture was stirred at room temperature for 10 min, the layers were separated and the aqueous 
layer was extracted twice with dichloromethane. The combined dichloromethane layers were 
washed with water and dried over sodium sulfate and filtered. The solution was placed under 

30 nitrogen and cooled on a icewater-bath. A solution of sodium cyanide (24.85 g) and 
benzyltriethyl ammonium chloride (2.89 g) in water (500 ml) was added. Under vigorous 
stirring acetic anhydride was added portionwise (6x6 ml) over a period of 30 min. The organic 
layer was separated and the aqueous layer was extracted twice with dichloromethane. The 
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combined dichioromethane layers were washed with water, dried over sodium sulfate, filtered 
and evaporated in vacuo. The residue was purified by chromatography on silica (eluent : 
dichioromethane/ ethyl acetate = 9/1 v/v) to yield Boc-Lys(Cbz)¥[cyanoacetate] (17.2 g.). 
TLC: Rf = 0.60, silica gel, dichloromethane/ethyl acetate * 7/3 v/v. 

5 

- Boc-Lvs(CbzWf CHOHCOVOMe 

A solution of Boc-Lys(Cbz)^[cyanoacetate] (17.2 g.) in diethyl ether/methanol = 3/1 v/v (500 
ml) was cooled to -20 °C under nitrogen, and 54.7 g of gaseous hydrochloric acid was 
introduced keeping the temperature below -5 °C The reaction mixture was kept at 4 °C 
ID overnight. Water (85 ml) was added dropwise to the reaction mixture keeping the temperature 
-.below S °C. After stirring for 4 h at room temperature the organic layer was separated and 
washed with water. The aqueous layer was saturated with sodium chloride and extracted with 
UJsec-butanol/dicMoromethane = 3/2 v/v. The organic phase was washed with brine, dried over 
sodium sulfate, filtered and evaporated in vacuo to give 17.4 g of the crude amine. 
15 The residue was taken up in dimethyl formamide (DMF, 200 ml), bis-(tert-butyl)anhydride (8.7 
g) was added and triethylamine until pH 8. The reaction mixture was stirred at room 
; ^temperature overnight. The solvent was removed by evaporation at reduced pressure. The 
r!|residue was dissolved in ethyl acetate, washed with water and brine successively, dried over 
^Jsodium sulfate, filtered and evaporated in vacuo. The residue was purified by chromatography 
20 Won silica (eluent: ethyl acetate/heptane « 1/1 v/v) to yield Bociys(Cbz)¥[CHOHCO]-OMe 
(6.22 g). TLC: Rf = 0.75, silica gel, ethyl acetate/heptane = 3/1 v/v. 

3^henvlprQpionvUPro>LvsfCb 2 WrCHOHCQ%OMe 

Boc-Lys(Cbz)T[CHOHCO]-OMe (60 mg.) was dissolved in 50% trifluoroacetic 
25 acid/dichloromethane (6 ml) and stirred for 1 h at room temperature. The crude amine was 
isolated in quantitative yield after removal of the solvent by evaporation, and used immediately 
to prepare 3-phenylpropionyl-Prr>-Lys(Cbz)T[CHOHCO]-OMe. 

3-Phenylpropionyl-Pro-OH was dissolved in dry DMF (5 ml). After addition of triethylamine 
(196 ml), the reaction mixture was placed under nitrogen and cooled to -15 °C. 
30 Isobutylchloroformate (1 83 ml) was subsequently added and the mixture was allowed to stir for 
15 min at -15 °C. The crude amine was dissolved in dry DMF (5 mi), neutralised using 
triethylamine and added dropwise to the cold mixed anhydride solution. The reaction stirred for 
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1 h at -15 °C and then kept at 0 °C overnight. The mixture was evaporated to dryness. The 
residue was dissolved in ethyl acetate and successively wsahed with water, 5% sodium 
hydrogencarbonate and brine, dried over sodium sulfate and concentrated in vacuo. The residue 
was purified by chromatography on silica (eluent: dichloromethane/methanol = 95/5 v /v) to 
yield 3-phenylpropionyl-Pro-Lys(CbzmCHOHCO]-OMe (246 mg). TLC: R f = 0.92, silica 
gel, EPAW = 63/20/6/1 1 v/v/v/v. 

S-PhenvlDronionvl-Prn-T^xyf rHOHCm-OMe 

To a solution of S-phenylpropionyl-Pro-LyKazmCHOHCOl-OMe (240 mg) in methanol (5 
ml) was added 10% palladium on charcoal (50 mg) and 216 ml 2N hydrogen chloride solution, 
j The mixture was hydrogenated at atmospheric pressure and at room temperature for 1 h. The 
j palladium catalyst was removed by filtration and the solvent removed by evaporation at reduced 
j pressure yielding 3-phenylpropionyl^ro-I^s*[CHOHCO]-QMe quantitatively. TLC: Rf=0.13, 
| silica gel, dicMoromethane/methanol=9/l v/v. 



3-PhenYtpropfot^-Pro-LvsmocWfCHOHCOi-OM ft 

To a solution of phenylpropionyl-Pro-LysTICHOHCOl-OMe (196 mg.) in dry DMF (5 ml) 
was added bis(tert.butvl)anhydride (102 mg) and the pH was adjusted to pH 8.5 by adding 
triethylamine. The reaction mixture was stirred at room temperature overnight. The mixture 
was evaporated in vacuo and the resulting residue was purified by chromatography on silica 
(eluent: dichloromethane/methanol = 98/2 v/v to yield 3-phenylpropionyl-Pro- 
Lys(BocmCHOHCO]-OMe (189 mg). TLC: Rf=0.43, silica gel, dicWoroniethane/methanol = 



9/1 v/v. 



3-Phenvlpropionvl- Pro-Lvsmor^ rcHnHroi^H 

Pheny!propionyl-Pro-Lys(Boc)T[CHOHCO]-OMe (185 mg.) was dissolved in dioxane/water = 
7/3 (5 ml) and treated with 2M sodium hydroxide solution (267 ml) portionwise over 30 min at 
room temperature, keeping the pH at 10 - 10.5. After 30 min the reaction mixture was diluted 
with water (20 ml), 2M hydrogen chloride solution was added until pH 2.0 and the water layer 
was extracted with dichloromethane. The combined organic phases were washed with water 
(50 ml), brine (50 ml) and dried over sodium sulfate, filtered and concentrated in vacuo to yield 
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3-phenyipropionyi-Pro-Lys(Boc)^CCHOHC03-OH (228 mg). TLC. Rf=0.60, silica gel, EPAW 
= 63/20/6/11 v/v/v/v. 

3-Phenvlpropionvl-Pro.LvsmQcmCOCOI-OH 

5 To a solution of phenylpropionyl-Pro-Lys(Boc)T[CHOHCO]-OH (220 mg) in diy 
dichloromethane (5 ml) were added 255 mg of periodinane (Dess-Martin reagent). After 1 h 
stirring at room temperature, 2% sodium thiosulfate solution was added (15 ml) and the 
mixture was stirred for 30 min at room temperature. The organic layer was separated, washed 
with water, dried over sodium sulfate, filtered and evaporated in vacuo to give crude keto-acid 

10 S-phenylpropionvl-Pro-Lys^ocMCOCOl-OH (41 1 mg). TLC: Rf=0.47, silica gd, EPAW = 
63/20/6/11 v/v/v/v. 

M S^henylpropionyl^ro-LysCBocJ^tCOCOl-OH (411 mg) was treated with 90% trifluoroacetic 

Ul 

15 , . § add/water for 1 h at room temperature. The reaction mixture was concentrated in vacuo and 

; the residue was dissolved in water and directly chraged onto a preparative HPLC Supelcosil 

CI 

ULC-18-DB column using a gradient elution system of 20% A/70% B/10% C to 20% A/0% 
1 !;B/80% C over 45 min, at a flow rate of 20 ml/min. (A: 0.5M phosphate buffer pH 2.1, B: 
□water, C: acetonitril/water - 3/2). Yield: 71 mg. of 3-phenyIpropionyl4>ro-Lys¥[COCO]-OH. 
20 ! R t (LC): 24.9 min; 20%A/8O%B to 20%A/20°/oB/60%C in 40 min. 

In a similar manner as described above were prepared: 

(a) .3,3-diphenylpropionyl-Pro-Lys , i / [COCO]-OH 

25 R t (LC): 36.42 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 

(b) . 3-Phenylpropionyl-(N-cyciopentyl)-Giy-Lys , F[COCO]-OH 

R t (LC): 34.29 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 

30 (c). 3-[(p-Cl)-phenyl]propionyl-(N-cyclopentyl)-GIy-Lys l PfCOCO].OH 

R t (LC): 39.52 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 

(d). 3 -[(p-Cl)-phenyl]propionyl-Pro-Lys»P[COCO]-OH 
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R t (LC): 31.31 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 
(e). Naphthylsulfonyl-Asp-Pro-Lys^FfCOCOJ-OH 

R t (LC): 30.45 min; 20% A/80% B/ 0% C to 20% A/ 20% B/ 60% C in 40 min. 

5 

Example 5 

H-D-Cha-Prg>Lvs^2-benzothia2oIvn 

BoC"Lvs(azVTCHOH3^b^othiMolyl) 
10 To a cold (-78 °C) solution of Boc-Lys(Cbz)-OMe (i g) in dichloromethane (25 ml) was added 
U dropwise diisobutyi aiuminumhydride (DiBAL-H; 7.6 ml of a 1M solution in hexane) whereby 
JsJ the reaction temperature was kept below -70 Q C The resulting solution was stirred at -78 °C 
Ul for 30 min. A 5% citric-acid solution was added to the reaction mixture. Tlie two teyersmbcture 
y was stirred at room temperature for 10 min, the layers were separated and the aqueous layer 

10 was extracted twice with dichloromethane. The combined dichloromethane layers were washed 

'SI 

with water, 5% sodium hydrogencarbonate, water and dried over sodium sulfate and filtered. 
^ The solution was placed under nitrogen and 2^methylalyl)benzothia2ole (0.7? g) was added 
0 and the reaction mixture was stirred for 16 h at room temperature/ After evaporation to dryness 
p the residue was dissolved in dry tetrahydrofuran (15 ml) and tetrabutyi ammoniumfluoride (3.8 
20* W ml of a 1M soluition in THF) was added. The mixture was stirred for 2 h at room temperature 
and water was added. The product was extracted with dichloromethane and purified by 
chromatography on silica (eluent: dichloromethane/ethyl acetate; 9/1 v/v) to yield 724 mg of 
Boc*Lys(Cbz)-Y[CHOHl-(2-benzothiazolyl). TLC: Rf = 0.35, silica gel, dicWoromethane/ethyl 
acetate = 7/3 v/v. 

25 

Bpg-Lygf CteH2-t>enTOthiazQlyl) 

To a solution of Boc-Lys(Cbz> l P[CHOH]-(2-benzothiazolyI) (700 mg) in dry dichloromethane 
(10 ml) was added 1 g. of periodinane (Dess-Martin reagent). After stirring for 1 h at room 
temperature, 2% sodium thiosulfate solution was added and the mixture was stirred for another 
30 30 min at room temperature. The organic layer was separated, washed with water, dried over 
sodium sulfate, filtered and evaporated in vacuo. The residue was purified by chromatography 
on silica (eluent: ethyl acetate/heptane; 3/1 v/v) to yield 193 mg of Boc-Lys(CbzX2-benzothia- 
zotyl). TLC: Rf= 0.85, silica gel, ethyl acetate/ heptane » 3/1 v/v. 
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Boc-D-Cha-Prn-T Wr^ ^-benzothiazolvn 

Boc-Lys(Cbz)-(2-benzothiazolyl) (193 mg) was dissolved in 50% TFA/dichloromethane (2 ml) 
and stirred for 1 h. at room temperature. The crude amine was isolated in quantitative yield 
after removal of the solvent by evaporation, and used immediately to prepare Boc-D-Cha-Pro- 
5 Lys(Cb2)-(2-benzothiazorvl). Boc-D-Cha-Pro-OH was dissolved in dry dimethylformamide (4 
ml). After addition of diisopropylemylamine (DIPEA, 66 ml), the reaction mixture was placed 
under nitrogen and cooled to -15 °C. IsobutylchJoroformate (50 ml) was subsequently added 
and the mixture was allowed to stir for 15 min at -15 °C. The erode amine was dissolved in dry 
DMF (4 ml), neutralised using diisopropylemylarnine and added dropwise to the cold mixed 
10 anhydride solution. The reaction was stirred for 1 h at -15 °C and then kept at 0 °C overnight. 
|„s mixture was evaporated to dryness. The residue was dissolved in ethyl acetate and 
gl successively washed with water, 5% sodium hydrogencarbonate, water and brine, dried over 
i y sodium sulfate and concentrated in vacuo. The residue was purified by chromatography on 
W silica (eluent: ethyl acetate/heptane; 1/1 v/v) to yield Boc-D-Cha-Pro-Lys(Cbz)-{2- 
15UJ beiizothiazolyl) (191 mg).TLC:Rf= 0.66, sffica gel, e%l acetate/heptane « 3/1 v/v. 



Li 



H-D-Cha-Pro -Lvs-f2-henmtht a Tnlyl) 

Boc-D-Cha-Pro-Lys<(^2H2-benzothiazoryl) was treated with trifluoroacetic acid/thioanisole 
I; 1Q /1 v/v (2.2 ml) for 3.5 h at room temperature. The reaction mixture was concentrated in 
20 ill vacuo and the residue was dissolved in water. The aqueous phase was washed extensively with 
diethyl ether. The water layer, containing H-D-Cha-Pro-Lys-(2-benzothiazolyl) was charged 
directly onto a preparative HPLC Supelcosil LC-18-DB column using a gadient elution system 
of 20% A/80% B to 20% A/20% B/60% C over 40 min, at a flow rate of 20 inl/min. (A: 0.5 
mM sodium phosphate buffer pH 2.1, B: water, C. acetonitrile/ water, 3/2 v/v). Yield: 98 mg of 
25 H-D-Cha-Pro-Lys-(2-benzothiazolyl). R t (LC) : 42 min 20% A/80% B to 20% A/20% B/60% 
C in 40 min. 



Example 6. 

H-D-Cha-Pm-T . Y s-( 2-tetrazolvn. 

30 

B0C-LvsfCb7WfCHOAcW?-t ff rr a7 nlvl> 

To a solution of Boc-Lys(Cbz)»i'[cyanoacetate] (5.4 g) in 39 mi dimethylformamide was added 
801 mg of ammonium chloride and 975 mg of sodium azide. The reaction mixture was heated 
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to 80 °C and stirred under nitrogen during 48 h. Precipitated salt was filtered off and the 
solution was evaporated under reduced pressure to dryness. This yielded 4.9 g of the desired 
compound. TLC: Rf - 0.42, silica gel, toluene/ethanol = 6/4 v/v. 



5 BQ C-Lys(Cbz)TC H0HVf2^tr^ olyl ). 

BooLys(Cb2)T(CHOAcH2-tetra2olyl) (1.25 g) was dissolved in 60 ml of dioxane/water 7/3 
and 2.65 ml of a 2N sodium hydroxide solution was added: The solution was stirred at room 
temperature during 2.5 h after which the reaction appeared completed. The pH was adjusted to 
5 and the resulting mixture was evaporated to dryness under reduced pressure. The residue was 

10 dissolved in methanoVdichloromethane 1/1 and insoluble salt was filtered off This resulted in 
H.27 g of the deacetjiated product. TLC: Rf = 0.40, silica gel, toluene/ethanol * 6/4 v/v. 



;fp^^C^zH2^ra2Qlyl). 

to a solution of 0.56 g of Boc-LysCCbz^CCHOHHS-tetrazolyl) in 37 ml dry dicMoro- 

UJ 

15 rnethane, 1.38 g of Dess-Martin periodane reagent was added. The mixture was stirred at room 
IfmpenWirifc for 30 minutes after which the reaction was quenched with a 10% sodittm 
i thiosulfate solution in water The organic layer was extracted with Water "land sodium 



lrogencarbonate(5% in water), the water layers were combined en extracted with 1-butanol. 
The 1-butanol layer was evaporated to dryness under reduced pressure. The residue was 
20 chromatographed on a silica gel column using the eluent: ethyl acetate/pyridine/acetic 
acid/water =263/20/6/11 v/v/v/v. Yield: 0.22 g. TLC: Rf = 0.30, silica gel, ethyl 
acetate/pyridine/acetic acid/water = 63/20/6/1 1 v/v/v/v. 

ff-Lys(CteK2-tgtRgolyl),TFA T 

25 Boc-Lys(Cb2H 2 - tetra2 ofyO (0-21 g) was dissolved in 16 ml trifluoroacetic acid/water 9/1. The 
mixture was stirred for 1 h at room temperature after which the solution was concentrated in 
vacuo to yield an oil. Yield: 0.34 g, used immediately to prepare tripeptide Boc-D-Cha-Pro- 
Lys(CbzH2-tetrazoljd). 

30 Boc-D>Cha-Pro>Lvs(CbzVf24etra2olviy 

Boc-D-Cha-Pro-OH (0.19 g) was prepared according to the procedure described in example 1 
for the dipeptide moiety. The coupling to H-Lys(CbzH2-teirazolyl) (0.17 g) was performed in 

a similar manner as described in example 5. Purification on silica gel (eluent: ethyl 



ill 
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acetate/pyridine/acetic acid/water = 163/20/6/11 v/v/v/v) yielded 0.21 g of the desired 
compound. TLC: Rf - 0.17, silica gel, ethyl acetate/pyridine/acetic acid/water = 63/20/6/11 
v/v/v/v. 

H-D-Cha-P ro-Lvs-f2-tetraTnlyt> 

The removal of the protective groups and the HPLC purification was performed in an 

analogous procedure as described for example 5. Yield : 20. mg._ 

Rt (LC): 23.3 and 24.5 min, 20% A,80% B to 20% A, 20% B and 60% C in 40 min. 

Example 7. 

H00C-CH ? -CO-D-rh a -Pr«-l.v^7^h,>^iYi> 
j H-D-Cha-P ro-LvsfCh?:W?.-thiazoMVTFA 

j Boc-D-Cha-Pro-Lys(Cbz)-(2-thiazolyl) was prepared according to the procedure described for 
I example 5. 0.30 g of this tripeptide was dissolved in 3 ml of trifluoroacetic 
acid/dichloromethane 1/1 v/v and the solution was stirred for Ih at room temperature. The 
f solution was evaporated to dryness under reduced pressure and coevaporated three times with 
j toluene. Yield: quantitative, oil, used immediately for the next step. TLC: Rf = 0.30, silica gel, 
J ethyl acetate/pyridine/acetic acid/water = 163/20/6/1 1 v/v/v/v. 

ft-butvl-OOC-CH2- m >- n - Cha-Pro-LvsrCbzW2-thiazolvlV 

H-D-Cha-Pro-Lys(CbzH2-thiazolyl).TFA (0.33 g) was dissolved in 3 ml of dry 
dichloromethane and 76 mg of mono-tertiair butyl malonate was added and the pH was 
adjusted to approximately 8 with triethylamine. Next, benzotriazolyloxytris(dimethylamino)- 
phosphonium hexafluorophosphate (21 1 mg) was added and the reaction mixture was stirred at 
room temperature for 2 h and at 4 °C for the next 16 h. The solution was concentrated in 
vacuo, dissolved in ethyl acetate and washed three times with water and brine. The organic 
layer was again concentrated in vacuo after being dried on magnesium sulfate. The residue was 
chromatographed on silica using heptane/ethyl acetate 2/8 v/v as eluent. This yielded 270 mg of 
the acyiated tripeptide. TLC: Rf = 0.21, silica gel, heptane/ethyl acetate = 8/2 v/v. 
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HOOC-CH2-CO-D-Cha-Pro-Lvs-f2-thia2olvtV 

The removal of the protective groups and the HPLC purification were performed in an 

analogous procedure as described for example 5. Yield: 124 mg. 

Rt (LC): 38.23 min, 20% A,80% B to 20% A, 20% B and 60% C in 40 min. 

- Example 8 

H-D-Cha-Pro-Lys(Cb2H2-thiazolyl).TFA (0.33 g) was dissolved in 3 ml of dry 
i. dichloromethane and 0.335 ml of pyridine. To this solution 48 mg of succinic anhydride was 
I added and the resulting solution was stirred at room temperature under nitrogen. After 4 h the 
I reaction appeared completed and was quenched with a few droplets of water. The mixture was 
| concentrated in vacuo, dissolved in ethyl acetate, washed with diluted acid, water and brine and 
\ dried on magnesium sulfate. After removal of the salt the organic layer was concentrated in 

vacuo which resulted in 320 mg of an oil. " * ? r 

f TtC: Rf - 037, sOtca gel, dichloromethane/methanol 9/1 wV : '** " i 

j HQQ£=^ 

The removal of the protective groups and the HPLC purification were performed in an 

analogous procedure as described for example 5. Yield: 187 mg. 

Rt (LC): 38.31 min, 20% A,80% B to 20% A, 20% B and 60% C in 40 min. 

Example 9. 

HOOC>CHfCH 2 VD>Cha>Pr^Lvs^2>thia2olvn 
(t-Butvl-OOC-CHr^^ 

H-D-Cha-Pro-Lys(CbzH2-thiazolyl).TFA (0.33 g) was dissolved in 2 ml of acetonitriL Next, 
0.50 g of 2-bromopropionic acid tert-butylester was added followed by 25 mg of sodium 
iodide. The pH of the solution was adjusted to 8 with diisopropylethylamine and kept at that 
basicity for 12 days at room temperature. The reaction mixture was concentrated in vacuo, 
dissolved in ethyl acetate, washed with water, dried on magnesium sulfate and again 
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concentrated. The residue was chromatographed on silica using ethyl acetate/toluene 1/1 v/v as 
eluent. Yield: 279 rag. TLC: 0.75, silica gel, ethyl acetate. 

HOQC-CHr^VD-Cha-Pm-Lvs^-thiazolyn 

The removal of the protective groups and the HPLC purification were performed in an 
analogous procedure as described for example 5. Yield: 40 mg and 29 mg (separated 
diastereomers). Rt (LC): 30.06 min and 34.87 min (separated diastereomers), 20% A,80% B to 
20% A, 20% B and 60% C in 40 min. 

Example 10. 
l.;. HOOC>fCH2)2-D-Ch a -Pro-Lv S .(2-thia2olvlV 

bl ft-Butyl-OOC-fCH?^ -D-Cha.Pro-Lv.rfCh*U9.th; a ™M\ 

Jjj HrD^lia^ro^azH2-tliia2olyO.T^ (0.21 g) was dissolved in 5 ml of acetonitril. Next, 
UJ 1.84 ml of acrylacid tert-butylester was added in three portions. The pH of Jhe solution was 

adjusted to 8 with dusopropyiethylamine and kept at that basicity for 13 days at room 
□ temperature. The reaction mixture was concentrated in vacuo, dissolved in ethyl acetate, 
q washed with water, dried on magnesium sulfate and again concentrated. The residue was 

chromatographed on silica using ethyl acetate/toluene 2/1 v/v as eluent. Yield: 92 mg. TLC: Rf 
ill = 0.62, silica gel, ethyl acetate. 

HOOC-r^^-D-Cha-Pro-Lvs-^-thia^tvn 

The removal of the protective groups and the HPLC purification were performed in an 

analogous procedure as described for example 5. Yield: 40 mg. 

Rt (LC): 32.83 min, 20% A,80% B to 20% A, 20% B and 60% C in 40 min. 

Example 11. 

N-Me-D-norLeu-Pro-I.v s-Q-thiazolyi) 
H-D-norLeu-OMe HH 

To 270 ml of methanol, cooled to -15 °C, 18.2 g of thionylchloride was added. Subsequently, 
the temperature was allowed to rise to -10 °C than kept constant for 20 min after which 10 g 
H-D-norLeu-OH was added. The temperature was slowly increased and at reflux kept constant 
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for 5 h. The product was crystallized from methanol and diethyl ether at 4 °C and this yielded 
12.9 g. TLC: Rf - 0.61, silica gel, n-butanol/acetic acid/water 10/1/3 v/v/v. 

■* 

Boc-D-norLeu-OMe 

H-D-norLeu-OMe.HCl (12.9 g) was dissolved in 200 ml of dry methanol followed by addition 
of di-tert-butyl dicarbonate (15.5 g) and triethylamine (19.8 ml). The reaction was stirred for 3h 
at room temperature after which the mixture was concentrated in vacuo. Next, the residue was 
dissolved in ethyl acetate and washed with water. The product was chromatographed on silica 
using heptane/ethyl acetate 3/1 v/v . Yield: 16.9 g. TLC: Rf = 0.55, silica gel, heptane/ethyl 
acetate 3/1 v/v . 

N-Me-Boc-D-norLeu-OMe 

Boc-D-norLeu-OMe (16.9 g) was dissolved in 200 ml of dry dimethylformamide under 
nitrogen. Next, methyliodide (24.9 ml) was added, cooled to 0 °C, sodium hydride (3.3 1 g) was 
added and the mixture was allowed to react during 16 h at room temperature. The mixture was 
concentrated in vacuo, dissolved in ethyl acetate, washed with diluted I hydrogen chloride 
(0.1 N), water, sodium hydrogencarbonate (5%) and water, dried and concentrated again. This 
yielded 18.8 g of alkylated product. TLC: =0.56, silica gel, heptane/ethyl acetate 3/1 v/v . 

N-Me-Boc-D-norLeu-OH 

N-Me-Boc-D-norLeu-OMc (18 g) was dissolved in 400 ml of dioxane/water 9/1 v/v and the 
pH of the solution was adjusted to 12 with IN sodium hydroxide. The reaction was allowed to 
proceed for 2 h, keeping the pH constant at 12. The work-up procedure involved a pH 
adjustment to 2, cooling on ice, adding extra water (400 ml) and an extraction with 
dichloromethane. The organic layer was washed with brine, dried, filtered and concentrated in 
vacuo. This yielded 18.9 g of product which contained some dioxane. 
TLC: =0.26, silica gel, dichloromethane/methanol 9/1 v/v. 

v 

N-Me-Boc-D-norLeu-Pro-OH. 

First the N-succinimide ester was prepared starting from N-Me-Boc-D-norLeu-OH. 18 g of this 
derivative was dissolved in acetonitrile (250 ml), and then EDCI (14.5 g) and N-hydroxy- 
succinimide (HONSu) (8.7 g) were added. The reaction required 16 h at room temperature 

after which the solvent was removed, the residue was dissolved in ethyl acetate and washed 
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with water and dried. This yielded 24.3 g of crude ONSu ester. The next step was to dissolve 
proiineUCi (20.9 g) in 300 mi dimethylformamide and 300 mi water and the pH was adjusted 
to 8 with 2N sodium hydroxide solution. A solution of the ONSu ester (24.3 g in 300 ml of 
dimethylformamide) was added dropwise to this solution keeping the pH constant. The reaction 
was completed after 5 h, after which the organic solvent was largely removed by evaporation 
under reduced pressure. Extra water (300 ml) was added and the pH was adjusted to 2. The 
product was extracted with ethyl acetate and washed with water. After drying, filtration and 
concentration the product was obtained as a yellow oil in 22.2 g. The crude product was 
chromatographed on silica using ethyl acetate/methanol 8/2 v/v as eluent. Yield: 13.2 g. 
TLC: Rf= 0.65, silica gel, ethyl acetate/pyridine/acetic acid/water = 163/20/6/1 1 v/v/v/v. 

I N44e-D-norLeu-Prn-T^. a-thia2olvlV 

I The mixed anhydride coupling between N-Me-Boc-D-norLeu-Pro-OH and H-Lys(CbzM2- 
j thiazolyi).TFA, the deprotection and the purification were done according to the procedures 
I described in example 5. Yield: 107 mg. 

1 Rt (LQ;2?.22 min, 20% A.80% B to 20% A, 20% B and 60% C in 40 min. 

I 

I * 5 5 

I Example 12. 

; N-Me-D-Cha-Pro-IWZ-thiarnlvl^ 

| All steps leading to this tripeptide were performed in a similar manner as described for example 
1 1, and starting with Boc-D-Cha-OH. Yield: 253 mg. 
Rt (LC): 3 1.82 min, 20% A,80% B to 20% A, 20% B and 60% C in 40 min. 

Example 13. 

N>Me>D>Ph e-N^doiMaitvl>Glv>Lv^2>thia2olvn 
N-Me-Boc-D-Phe-N-cvclopentvl-Giv-OMe. 

N-Me-Boc-D-Phe-OH (prepared according to example 1 1) (26 g) and N-cyclopentyl-Gly-OMe 
(21 g, see example 3) were dissolved in 300 ml of dimethylformamide. Next, TBTU (36 g) was 
added and the pH was adjusted to 8 with diisopropylethylamine (20 ml). The reaction mixture 
was stirred for 16 h and than concentrated in vacuo, dissolved in ethyl acetate, washed with 
sodium hydrogencarbonate (5%) and brine, dried on magnesium sulfate and again concentrated 
in vacuo. Yield: 24.8 g. TLC: Rf = 0.62, silica gel, dichloromethane/methanol 95/5 v/v. 
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N-Me-Boc>D-Phe-N-cvclopcntvl-»Glv-OH. 

N-Me-Boc-D-Phe-N-^clopentyl-Gly-OMe (17.3 g) was dissolved in 150 ml of 
tetrahydrofuran/water 135/15 v/v and 4 g of sodium hydroxide (in water) was added. After 2 h 
the reaction was stopped by adjusting the pH to 2 and the product was extracted with 
5 dichloromethane. After washing with water, drying on magnesium sulfate, concentrating in 
" vacuo and crystallisation from dichloromethane/diethyi ether, the reaction yielded 13. 1 g. 
TLC: Rf= 0.52, silica gel, dichloromethane/methanol 9/1 v/v. 

N-Me-I^Phe-N-c^^ 

10 The next steps were done according to the procedure described for example II. Yield: 1 10 mg. 
MR* (LC): 33.43 min, 20% A,80% B to 20% A, 20% B and 60% C in 40 min. 

Example 14. 

15 ; ^N^eJtoc-I^^ was prepared according to the description for example I. The 

Hi 

a mixed anhydride coupling to H-Lys(CfczH2-thiazolyiX the deprotection and the purification 
tjwere done according to example 5. Yield: 148 mg. - -:• • 

CjRt (LC): 27.22 min, 20% A,80% B to 20% A, 20% B and 60% C in 40 min. 

20 ttfexampie 15. 

3.3-Diphenvipropionvl-Pro-LvsfethoxvcarbonviVf2-thiazolvlV 

3,3-Diphenylpropionyl-Pro-Lys-(2-thiazolyl) was prepared as described in example 1. A 
solution was made of 20 mg of this dipeptide in dioxane/water 4/1 (4 ml) and the pH was 
adjusted with 1 N sodium hydroxide to 12. Next, 22 mg of ethylchloroformiate was added and 
25 the solution was stirred for 2 h at room temperature. The mixture was diluted with water and 
extracted with dichoromethane, washed with water, dried on magnesium sulfate, concentrated 
in vacuo and finally, freezedried from tert-butanoi/water 1/1 v/v. Yield: 15 mg. TLC: Rf= 0.92, 
silica gel, ethyl acetate/pyridine/acetic acid/water « 63/20/6/1 1 v/v/v/v. 



SUBSTITUTE SHEET (RULE 25) 



WO 97/17363 

28 

Example 16. 

H<X>C-CH r D-Cha-PrQ^LyH2-Qxazol y l) 



PCTVEP96/04785 



Boc-Lvs(Cb2>yrCHOH]>(2>oxazolvlV 

To a solution of 0.975 g of Boc-Ly s(Cbz)-OMe in 25 ml of dichloromethane at -78 °C under a 
nitrogen atmosphere was added 6 ml of a 1M dusobutylaluminiumhydride solution in hexane. 
After 15 min the reaction was completed, the reaction mixture poured into 150 ml of 2% citric 
add solution and filtered. The organic layer was separated, washed with water and brine, dried 
(magnesium sulfate) and concentrated. The residue was coevaporated with toluene to give 0.92 
g of Boc-Lys(Cbz)-H. This aldehyde (0.89 g) was dissolved in 1.4 ml of toluene and 0.90 g of 
2-{trimethylsilyl)oxa2ole (prepared according to: Edwards, P.D., Wolanin, D. J., Andisik D.W., 
and Davis W., J. Med. Chem. 38, 76 (1995)) was added and heated at 80°C. After 60 h the 
reaction mixture was concentrated, the residue dissolved in 5 ml of tetrahydrofiiran, treated 
with 3 ml of a 3M tetrabutyiammonium fluoride in tetrahydrofiiran solution and stirred at room 
temperature for 2h. The mixture was concentrated, dissolved in ethyl acetate, washed with 3% 
aqueous sodium hydrogencarbonate solution and brine, dried (magnesium sulfete) and 
evaporated. Purification by column chromatography on silica gel eluting with a gradient of ethyl 
acetatc/dichloromethane = 2/1 (v/v) to ethyl acetate afforded an oil that was rechromato- 
graphed on silica gel eluting with a gradient of ethyl acetate/heptane =1/1 (v/v) to ethyl 
acetate/heptane = 1/3 (v/v) to give 0.22g of the title compound. 
TLC: Rf - 0.7, silica gel, ethyl acetate. 

Boc-Lvsf CbzVf 2-oxazolvn 

To a solution of 0.22 g of BooLys(Cbz)-*F[CHOH]-<2^)xazolyI) in 10 ml of dichloromethane 
was added 0.22 g of periodiane (Dess-Martin reagent). After 1 .5 h stirring at room temperature 
10 ml of aqueous 5% sodium thiosulfate was added and the mixture was stirred for 15 min at 
room temperature. The organic layer was separated, washed with water, aqueous 5% sodium 
hydrogen carbonate and brine, dried over magnesium sulfete and concentrated. Purification by 
chromatography on silica gel eluting with heptane/ethyl acetate =1/1 (v/v) yielded 162 mg of 
the title compound. TLC: Rf = 0.5, silica gel, heptane/ethyl acetate =1/3 (v/v). 
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ftBuOOCCH 2VBocVD.Cha-Pro-LvsrCb 2 V(2-oxazo1vn 

The procedure described for example 5 was used. Deprotection of 0.16 g of Boc-Lys(Cbz)-(2- 
oxazolyl) and coupling with 0.19 g of (tBuOOCCH2)(Boc)-D-Cha-Pro-OH afforded 0.19 g of 
(tBuOOCCH2XBoc)-D.Cha.Pro-Lys(CbzK2-oxazolyl). 
5 TLC: Rf = 0.3, silica gel, heptane/ethyl acetate =1/3 (v/v). 

HOOCCH2-D-Ch a -Pm-rW2-ny a7 olvn 

The procedure described for example 5 was used. 0.19 g of (tBuOOCCH2XBoc)-D-Cha-Pro- 
Lys(Cbz)-(2-oxazoiyi) afforded 52 mg of the title compound. 
10 IU(LC):28.46imii,20%A/80%Bto20%A/20%B/60%Cm40nun. 

□ Example 17. 

13 Eth^S02-norLeufcvcloKav- Lvs-f2-thiazolvl^ 



m goc-L-«-aminp-g-caprolactam , 

To a stirred solution of L-a-amino-e-caprolactam (lOg) in dioxane/water (2/1 v/v) (30 ml) was 
W added IN sodium hydroxide solution (7.8 ml) followed by di-t-butyl carbonate (18.8 g). Hie 
£! mixture was stirred for 16 h. at room temperature and concentrated in vacuo. The residue was 
g dissolved in ethyl acetate and washed with water and brine, dried over sodium sulfete, filtered 
2011 and evaporated in vacuo. The crude material was triturated by hexane, filtered and dried in 
vacuo to yield Boc-L-a-amino-e-caprolactam ( 1 6 g). 
TLC: Rf = 0.85, ethyl acetate/heptane 1/1 v/v on silica. 

Boc-norLeufcvcl^rav-OMft 

25 Boc-L-a-amino-e-caprolactam (10 g) was dissolved in dichloromethane (100 ml). At -20 °C a 
1M solution of bis (trimethylsilyl)amide in THF/cyclohexane (1/1 v/v) (1 equiv.) was added 
slowly and the mixture was stirred for 30 min. Methyl bromoacetate (4 ml) was subsequently 
added and the mixture was stirred for 2 h. at room temperature. Additional bis 
(trimethylsilyl)amide in THF/cyclohexane (1/1 v/v) was added to force the reaction to 

30 completion. The mixture was diluted by dichloromethane and washed with 0.1 N hydrochloric 
acid solution, water, 5% aqueous sodium hydrogencarbonate solution and brine, dried over 
sodium sulfete, filtered and evaporated in vacuo. The residue was purified by chromatography 
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on silica (eiuent: heptane/ethyl acetate 6/4 v/v to yield BoonorLeu(cyclo)GIy-OMe (12 g). 
TLC: Rf= 0.55, ethyl acetate/heptane 6/4 v/v on silica. 

EthvfS02-norLeufcvd^G?y-nMe 

BoonorLeu(cyclo)GIy-OMe (3 g) was dissolved in 50% TFA/dichloromethane (30 ml) and 
stirred for 1 h. at room temperature. The reaction mixture was evaporated in vacuo. The crude 
amine was dissolved in dichloromethane (30 ml) and a solution of ethanesulphonylchloride 
(L29 g) in dichloromethane (10 ml) was added slowly at 0 °C. Triethylamine was added to 
keep the pH at 8 during the reaction. The mixture was stirred for 1 h at room temperature, 
whereafter the mixture was concentrated in vacuo. The residue was dissolved in ethyl acetate 
and washed with 5% sodium hydrogencarbonate solution, water and brine, dried over sodium 
sulfate, filtered and evaporated in vacuo. The residue was purified by chromatography on silica 
(eiuent: dichloromethane/ethyl acetate 95/5 v/v%. to yield ethy!S02-norLeu(cyclo)Gly-OMe 
(1.45 g). TLC: Rf- 0.30, dichloromethane/ethyl acetate 9/1 v/v on silica. 

EthvlSC ^-norLeufcvcl^Glv-OH 

A solution of ethylS02-norLeu(cyclo)Gly-OMe (1.45 g) in 50 ml of dioxane /water 9/1 v/v was 
treated with sufficient IN sodium hydroxide to keep the pH at 13 for 2 hours at room 
temperature. After acidification, the mixture was poured into water and extracted with 
dichloromethane. The organic layer was washed with water and dried on sodium sulfate The 
filtrate was evaporated and yielded 600 mg of the title compound. 
TLC: Rf » 0.45, ethyl acetate/pyridine/acetic acid/water 63/20/6/1 1 v/v/v/v on silica. 

Eth¥lS0 2>norLeufcvdo^Glv>LvsfCb2Vf2>thiazolv n 

EthylS02-norLeu(cyclo)Gly-OH (482 mg) was dissolved in dry dimethylfonnamide (5 ml). 
After addition of ethyl diisopropyl amine (0.36 ml), the reaction mixture was placed under 
nitrogen and cooled to -20 °C. Isobutylchloroformate (140 ml) was subsequently added and the 
mixture was allowed to stir for 15 min at -20 °C. H-Lys(Cbz>-(2-thia2olyI).TFA was dissolved 
in dry dimethyiformamide (3 ml) and added dropwise to the cold mixed anhydride solution, 
maintaining the pH at 8.5 by addition of ethyl diisopropyl amine. The reaction mixture was 
stirred for 15 min at -20 °C. The reaction mixture was evaporated to dryness. The residue was 
dissolved in ethyl acetate and successively washed with 5% aqueous sodium hydrogencarbonate 
solution, water and brine, dried over sodium sulfate and concentrated in vacuo. The residue was 



SUBSTITUTE SHEET (RULE 26) 



WO 97/17363 PCT/EP96/04785 

31 

purified by chromatography on silica (eluent: dichloromethane/methanol = 95/5 v/v) to yield 

EthylS02-norI^(cyclo^^ mg). 

TLC: Rf » 0.63, ethyl acetate/pyridine/acetic acid/water 60/3/1/2 v/v/v/v on silica. 

EthvlSQ2'norLeufcvclo>Gly-Lvs-(2-thiazolvn 

EthylS02-norLeu(cycio)GIy-Lys(CbzH2-thia2oIyl) (600 mg) was treated with trifiuoroacetic 
acid/thioanisole 10/1 v/v (10 ml) for 4 h at room temperature. The reaction mixture was 
concentrated in vacuo and the residue was dissolved in water. The aqueous phase was washed 
extensively with diethyl ether. The water layer was concentrated in vacuo, coevaporated with 
diluted hydrochloric acid and tyophilised from water. The crude product was charged onto a 
preparative HPLC Deitapack CI 8 RP column using a gradient elution system of 20% A/ 80%B 
to 20% A/ 40% B/ 40% C over 40 minutes, at a flow rate of 50 ml/min. Yield: 233 mg of 
ethylS02-norI^(qrclo)GIy-Lys-(2.thiazoi^). 

R t (LC): 26.73 min. 20% A/ 80%B to 20% A/ 20% B/ 60% C in 40 minutes. 

Example 18. - < 

BenzvlS02'norLeufcvcloKjlv>Lvs424hia2olvn 

This compound was prepared in a similar manner as described in Example 17. 
R t (LC): 37.05 min. 20% A/ 80%B to 20% A/ 20% B/ 60% C in 40 minutes. 

Example 19. 

7-MrthQre-2-NwthylraW^ 

This compound was prepared in a similar manner as described in Example 17. 
R t (LC): 26.40 min. 20% A/ 60%B/ 20% C to 100% C in 40 minutes. 

Example 20. 

(4aR.8aRVperhvdroisoquinoline- 1 fRVcarbonvl>Pro-Lvs-(2>thiazolvn 
2-Cb2-f4aR.8aRVperhvdroisoQuinoline>lfR.S)-carboxvlic acid. 

2-Cbz-(4aR,8aR)-perhydroisoquinoline-l(R,S)-carboxyiic acid has been synthesized as 
described in EP0643073, example 1 . 

TLC: Rf = 0.85, ethyl acetate/pyridine/acetic acid/water 63/20/6/1 1 v/v/v/v on silica. 
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2-C%z-(4aR.8aRVperhvdroisoquin^^ 

To a cold solution (0 °C) of 2-Cbz-(4aR,8aR)-perhydroisoquinoline-l(^ add 
(500 mg) in dimethylformamide (5 ml) were successively added DCCI (1,3- 
dicyclohexylcarbodiimide; 342 mg), HOBT (l-hydroxybenzotriazole hydrate; 319 mg), H-Pro- 
5 OtBu (270 mg) and triethylamine (0.55 ml). The reaction mixture was stirred at 0 °C for 1 h. 
and then kept at room temperature overnight. The reaction mixture was cooled to -20 °C and 
the DCU ( 1 ,3-dicyclohexylurea) was removed by filtration. The filtrate was concentrated in 
vacuo and the residue was dissolved in ethyl acetate. This solution was washed successively 
with 5% aqueous sodium hydrogencarbonate solution, 3% aqueous citric add solution, water 
10 and brine, dried over sodium sulfate and concentrated in vacuo. The residue was purified by 

i chromatography on silica (eluent: heptane/ethyl acetate 4/1 v/v) to yidd 2~Cbz-<4aR,8aR)~ 

WperhydroiscK]uinoime-l(R^S>^ mg). 

[JjTLC: Rf= 0.90, ethyl acetate/pyridme/acetfc 

15 Ly 2-Cbz-(4aR.8gTiyperiivd^ 

SI 

;i 2<fcz^4aR,8aR>peitoydrois^ ester (600 mg) was 

.;.T.r, 

W? stirred in a mixture of dichloromethane (1 ml), trifluoroacetic add (3 ml), anisole (0.15 ml) for 
Q 1 h at room temperature. The reaction mixture was concentrated in vacuo at low temperature 
I? and the residue was dissolved in water at pH 9.5. The aqueous phase was washed with diethyl 
20 it! ether, whereafter the aqueous layer was acidified to pH 2.5 by 2M hydrochloric add solution. 
The aqueous layer was extracted with ethyl acetate and the organic phase was washed with 
brine, dried over sodium sulfate and concentrated in vacuo to yield 2-Cbz-(4aR,8aR)- 
perhydroisoquinoline-l(R,S)K»rbonyl-Pro^H (588 mg). TLC: Rf = 0.54, ethyl 
acetate/pyridine/acetic add/water 60/3/1/2 v/v/v/v on silica. * 

25 

2-Cbz^4aR,8aR)-perhydroisoqumolm^ (500 mg) was dissolved in dry 

dimethylformamide (5 ml). After addition of ethyl diisopropyl amine (0.41 ml), the reaction 
mixture was placed under nitrogen and cooled to -20 °C. Isobutylchloroformate (156 ml) was 
30 subsequently added and the mixture was allowed to stir for 15 min at -20 °C. H-Lys(Cbz)-(2- 
thiazolyl).TFA (594 mg) was dissolved in dry dimethylformamide (3 ml) and added dropwise to 
the cold mixed anhydride solution, maintaining the pH 8.5 by addition of ethyl diisopropyl 
amine. The reaction mixture was stirred for 15 min at -20 °C. The reaction mixture was 
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evaporated to dryness. The residue was dissolved in ethyl acetate and successively washea with 
5% aqueous sodium hydrogencarbonate solution, water and brine, dried over sodium sulfate 
and concentrated in vacuo. The residue was purified by chromatography on silica (eluent: 
dichloromethane/methanol - 95/5 v/v %) to yield 2-Cbz-(4aR,8aR>perhydroisoqumoline- 
!(R,S)-<^onyl-Pro-Lys(CbzH2-thia2olyl)(880 mg). TLC: Rf « 0.42, ethyl acetate/heptane 
3/1 v/v on silica. 

(4aR-8aRVperiivdroisoq 

(4aR,8aR)~perhydroisoquinoline-l(R^ (875 mg) was treated 

with trifluoroacetic aeid/thioanisole 10/1 v/v (10 ml) for 4 h at room temperature. The reaction 
mixture was concentrated in vacuo and the residue was dissolved in water, the aqueous phase 
was washed extensively with diethyl ether. The water layer was concentrated in vacuo, 
coevaporated with diluted hydrochloric acid and lyophilised from water. The crude product was 
charged onto a preparative HPLC Dettapack C18 RP column using a gradient dution system of 
20% A/ 80%B to 20% A/ 53% B/ 27% C over 40 minutes, at a flow rate of 50 ml/min. Yield: 
21 1 mg of (4aR,8aR)-perhydroisoquinoline-^ 

R t (LC): 28 min. 20% A/ 80%B to 20% A/ 20% B/ 60% C in 40 minutes. 
Example 21. 

EthvlS02*D-Cha-Pro-Lvs>(2-thiazolvn 
Boc-D-Cha-Pro-OBzl (Bzi « benzyl) 

Boc-D-Cha-Pro-OBzl was prepared according a similar manner as described in example 1 using 
Boc-D-Cha and Pro-OBzI. 

TLC: Rf « 0.5, dichloromethane/methanol 95/5 v/v on silica. 
Ethy>SO2'P-C^FT0-Q9^ 

Boc-D-Cha-Pro-OBzl (3.8 g) was dissolved in 50% TFA/dichloromethane (25 ml) and stirred 
for 30 minutes at room temperature. The reaction mixture was evaporated in vacuo. The crude 
amine was dissolved in dichloromethane (50 ml) and ethanesulphonylchloride (0.8 ml) was 
added at -78 °C. Triethylamine was added to keep the pH 8 during the reaction. The mixture 
was stirred for 3 h at 0 °C, whereafter water (25 ml) was added. After an additional stirring for 
30 minutes at room temperature, the reaction mixture was concentrated in vacuo. The residue 
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was dissolved in diethyl ether and washed with IN hydrochloric acid solution, water, 5% 
sodium hydrogencarbonate solution and brine, dried over sodium sulfate, filtered and 
evaporated in vacuo. Trituration of the crude material with methanol yielded ethylSC>2-D-Cha- 
Pro-OBzl (3.0 g). TLC: Rf = 0.6, dichloromethane/methanol 95/5 v/v on silica. 

5 

EthvlSOv-D-Cha-Prn-OH 

To a solution of EthylS02-D-Cha-Pro-OBzl (10 g) in tetrahydrofiiran (250 ml) was added 1M 
solution of tetrabutylammonium fluoride in tetrahydrofiiran (84 ml). The reaction mixture was 
stirred for 30 minutes at room temperature and poured into water (1 1). The aqueous solution 
10 was extracted with ethyl acetate. The combined organic layers were successively washed with 
IN hydrochloric acid solution and water, dried over sodium sulfate and concentrated in vacuo. 

g The residue was purified by crystallisation from ethyl acetate/diisopropylether to yield 

ry EthylS02-D-Cha-Pro-OH (6.0 g). 

?] TLC: Rf= 02 » acetate/pyridine/acetic acid/water 163/20/6/1 1 v/v/v/v on silica. 
^ EthvlSO^D^ha.PnvTwrh^-thi^Hyl) 

□ EthylS02-D-Cha-Pro-OH (397 mg) was dissolved in dry dimethylformamide (3 ml). After 
Q addition of ethyl diisopropyl amine (0.19 ml), the reaction mixture was placed under nitrogen 
J and cooled to -20 °C. Isobutylchlorofbrmate (130 ml) was subsequently added and the mixture 
20 ! || was allowed to stir for 15 min at -20 °C. H-Lys(Cbz)-(2-thiazolyl).TFA was dissolved in dry 
dimethylformamide (3 ml) and added dropwise to the cold mixed anhydride solution, 
niaintaining the pH at 8.5 by addition of ethyl diisopropyl amine. The reaction mixture was 
stirred for 15 min at -20 °C and 1 h at room temperature. The reaction mixture was evaporated 
to dryness. The residue was dissolved in ethyl acetate and successively washed with 5% 
25 aqueous sodium hydrogencarbonate solution, water and brine, dried over sodium sulfate and 
concentrated in vacuo. The residue was purified by chromatography on silica (eluent: ethyl 
acetate/heptane 2/1 v/v) to yield EthylS02-D-Cha-Pro-Lys(Cbz)-(2-thiazolyl)(575 mg). 
TLC: Rf = 0.32, ethyl acetate/heptane 2/1 v/v on silica. 

30 EthylSOo-D-Cha-Pro-Lvs^-thiarnlvt^ 

EthylS02-D-Cha-Pro-Lys(Cbz)-(2-thiazoiyl) (570 mg) was treated with trifluoroacetic 
acid/thioanisole 10/1 v/v (44 ml) for 4 h at room temperature. The reaction mixture was 

concentrated in vacuo and the residue was dissolved in water. The aqueous phase was washed 
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extensively with diethyl ether. The water layer was concentrated in vacuo, coevaporated with 
diluted hydrochloric acid and lyophilised from water. The crude product was charged onto a 
preparative HPLC Deltapack C18 RP column using a gradient elution system of 20% A/ 80%B 
to 20% A/ 30% B/ 50% C over 40 minutes, at a flow rate of 80 ml/min. Yield: 275 mg of 
5 EthylS02-D-Cha-Pro-Lys-<2-thiazoIyl). 

Rt (LC): 26.06 min. 20% A/ 60%B/ 20% C to 1 00% C in 40 minutes. 

Example 22. 

EthvlS02-D»Phe-Pro-Lvs-f2-thia2olv» 
10 . 
U Boc-P-Phe-Pro-QBrf, 

JS{ This compound was prepared according a similar manner as described in example 1 using Boc- 
D-Phe and Pro-OBzi. 

I!j TLC: Rf= 0,9, ethyl acetate/pyridine/acetic acid/water 60/3/1/2 v/v/v/v on silica 

«| ...... . ■ >. ■■ ■■■■■ 

This compound was prepared according a similar manner as described in example 21 using 
£i Boc-D-Phe-Pro-OBzl. ■ * 

£ TLC: Rf= 0.48, ethyl acetate/pyridine/acetic acid/water 163/20/6/1 1 v/v/v/v on silica. 

20 I'll 

EftyiSQ^D-Ph^Pi^^ 

EthylS02-D-Phe«Pro-Lys(CbzH2-thia2olyI) was prepared according a similar manner as 
described in example 21 using EthylS02-D-Phe-Pro-OH and Lys(CbzH2-thiazolyl). 
TLC: Rf= 0.32, ethyl acetate/heptane 8/2 v/v on silica 

25 

Et hy lS02-P-Phg-Pr^Lys-(2-tn^Qlyl) r 

EthylS02-D-Phe-Pro-Lys(Cb2H2-thiazolyI) (336 mg) was treated with trifluoroacetic 
acid/thioanisole 10/1 v/v (44 ml) for 4 h at room temperature. The reaction mixture was 
concentrated in vacuo and the residue was dissolved in water. The aqueous phase was washed 
30 extensively with diethyl ether. The water layer was concentrated in vacuo, coevaporated with 
diluted hydrochloric acid and lyophilised from water. The crude product was charged onto a 
preparative HPLC Deltapack C18 RP column using a gradient elution system of 20% A/ 65%B/ 
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15% C to 20% A/ 20% B/ 60% C over 40 minutes, at a flow rate of 50 ntf/min). Yield: 160 mg 
ofEthyiS02-D-Phe-Pro-Lys-(2«thiazoiyl). 

R t (LC): 39.47 mtn. 20% A/ 80% B to 20% A/ 20% B/ 60% C in 40 minutes. 
5 Example 23. 

. D-HDl-Pro-Lvs-f2-thia2ol y n (Hpl = 3-hexahydrophenyi lactic acid) 
H-P-Bpl-QMs 

H-D-Cha-OH (1.0 g) was dissolved in a mixture of IN hydrochloric add (4.8 mlX water (19.4 
10 ml) and acetic acid (9.7 ml). At 0 °C a solution of sodium nitrite (3.4 g) in water (5.8 ml) was 
u added slowly and the mixture was stirred overnight at room temperature. Hydrochloric add, 
Q 37%, (4.8 ml) was subsequently added and the mixture was stirred for 15 min at room 
temperature. The reaction mixture was evaporated and the residue was dissolved in 
ether/acetone. After filtration, the solution was concentrated in vacuo and the crude material 
1|| was stirred in methanol (25 ml) for 18 h. The pH was 1.5. The reaction mixture wa* evaporated 
? * to dryness and the residue was purified by chromatography on silica (eluent: toluene/methanol 

ill 

0 97/3 v/v. to yidd H-D-Hpl-OMe (612 mg) ■ 

g TLC: Rf= 0.9, ethyl acetate/pyridine/acctic acid/water 1 63/20/6/1 1 v/v/v/v on silica. 

m THP-P-Hpl-QMe (THP » tetrahydropyran) 

To a stirred solution of H-D-Hpl-OMe(450 mg) in dichloromethane (2 ml) was successively 
added 3 ,4-dihydro-2H-pyran (0.285 ml) and pyridinium p-toluenesulfonate (60 mg). The 
mixture was stirred for 6 h. at room temperature and diluted with ether. This mixture was 
washed with brine, dried over sodium sulfate, filtered and evaporated in vacuo. The crude 

25 material was purified by chromatography on silica (eluent: ethyl acetate/heptane 1/4 v/v) to 
yield THP-D-Hpl-OMe (498 mg). 
TLC: Rf = 0.64, ethyl acetate/heptane 1/2 v/v on silica. 

THP-D-Hnl-OH 

30 A solution of THP-D-Hpi-OMe (10.3 g) in of dioxane/water 9/1 (200 ml) was treated with 
sufficient IN sodium hydroxide to keep the pH at 12 for 18 hours at room temperature. After 
acidification, the mixture was poured into water (500 ml) and extracted with dichloromethane. 
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The organic layer was washed with water and dried on sodium sulfate The filtrate was 
evaporated and yielded 6.6 g of the title compound. 

TLC: Rf= 0J8, ethyl acetate/pyridine/acetic acid/water 163/20/6/1 1 v/v/v/v on silica. 

5 THP-D-Hpl-Pro-OH 

To a solution of THP-D-Hpt~OH (5.87 g) in acetonitrile (75 ml), was successively added EDCI 
(H3^iimethylaminopropyl)-3^thylcarbodiimide hydrochloride) (4.84 g) and N- 
hydroxysuccinimide (2.9 g). The reaction mixture was stirred at room temperature for 16 h. 
The mixture was concentrated in vacuo and the residue was dissolved in ethyl acetate. This 
10 solution was washed with water and brine, dried over sodium sulfate and concentrated in 
vacuo. The crude material was dissolved in dimethylformamide (100 ml) and added to a 
^solution of proline.HCl (6.99 g) in dimethyifcnnamide/water, l/l, v/v (200 ml), which was 
Unadjusted to a pH of 8.5 by sodium hydroxide. After stirring overnight the reaction mixture was 
Gconcentrated in vacuo and the residue was dissolved in water. This aqueous solution was 
15 adjusted to pH 2.5 at 0°C, Allowed by extraction with ethyl acetate. The combined organic 
* layers were successively washed with water and brine, dried over sodium sulfate and 
concentrated in vacuo. The crude material was purified by chromatography on silica (eluent: 
Oahyl acetate/methanol, 8/2 6/4, v/v %) to yield THP-D-Hpi-Pro-OH (6.75 g). 
JSjTLC: Rf= 0.52, ethyl acetate/pyridine/acetic acid/water 163/20/6/1 1 v/v/v/v on silica. 
20 III 

THDP>D-Hpl>Pro^LvsfCbzU2>thia2olvn 

THP-D-Hpl-Pro-OH (390 mg) was dissolved in dry dimethylformamide (5 ml). After addition 
of ethyl diisopropyl amine (0. 19 ml), the reaction mixture was placed under nitrogen and cooled 
to -20°C Isobutyichloroformate (130 ml) was subsequently added and the mixture was allowed 

25 to stir for 15 min at -20°C. H-Lys(CbzH2-thiazoiyl).TFA (L05 eq.) was dissolved in dry 
dimethylformamide (5 ml) and added dropwise to the cold mixed anhydride solution, 
maintaining the pH at 8.5 by addition of ethyl diisopropyl amine. The reaction mixture was 
stirred for 15 min at -20°C and 2.5 h. at room temperature. The reaction mixture was 
evaporated to dryness. The residue was dissolved in ethyl acetate and successively washed with 

30 5% aqueous sodium hydrogencarbonate solution, water and brine, dried over sodium sulfate 
and concentrated in vacuo. The residue was purified by chromatography on silica (eluent: ethyl 
acetate/heptane 2/1 v/v) to yield THP-D-HpI-Pro-Lys(Cb2)-(2-thiazolyl) (497 mg). 
TLC: Rf= 0.42 in ethyl acetate/heptane 2/1 v/v on silica. 
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D-Hpl-Pro-Lvs-/2-thiazo1vn. 

THP-D-Hpl-Pro-Lys(Cbz)-(2-thiazolyl) (470 mg) was treated with trifluoroacetic 
acid/thioanisole 10/1 v/v (38.5 ml) for 4 h at room temperature. The reaction mixture was 
concentrated in vacuo and the residue was dissolved in water. The aqueous phase was washed 

5 extensively with diethyl ether. The water layer was concentrated in vacuo, coevaporated with 
diluted hydrochloric acid and lyophiiised from water. The crude product was charged onto a 
preparative HPLC Deltapack C18 RP column using a gradient elution system of 20% A/ 65%B/ 
15% C to 20% A/ 20% B/ 60% C over 40 minutes, at a flow rate of 50 ml/min. Yield: 75 mg of 
D-Hpl-Pro-Lys-(2-tniazolyl). 

10 R t (LC): 40.00 min. 20% A/ 80% B to 20% A/ 20% B/ 60% C in 40 minutes. 

q Example 24. 

I jj HCKre-CH^Phe^ro-I^s^ 

15 !{j H-D-Phe-OMe P Cl 

1 To cold (t20 °C) and dry methanol (1 1) was added dropwise thionylchloride (130 ml). H-D- 
p = Phe-OHLHCl (147.6 g) was added and the reaction mixture was heated under reflux for 30 min 
is *f and then kept at room temperature overnight. The mixture was concentrated in vacuo and 
Q coevaporated with methanol (3 times). The residue was crystallized from methanol/diethyl ether 

20 ' * yielding H-D-Phe-OMe.HCl as a white ciystalline powder (187.4 g). TLC: Rf = 0.54, silica gel, 
n-butanol/acetic acid/water 10/1/3 v/v . 

N4t-ButvloxvcarfeonvimethvlV-D-Phe-OMe 

t-Butyl-bromo acetate (65 ml) was added to a stirred solution H-D-Phe-OMe.HCl (65.2 g) in 
25 400 ml of acetonhrile. The pH of the mixture was adjusted to 8.5 with N,N- 
diisopropylethylamine. The mixture was stirred for 16 hours at room temperature and 
evaporated in vacuo. The residue was dissolved in dichloromethane and the solution was 
washed with water, dried on sodium sulfate and evaporated in vacuo. Chromatography over 
silica gel in heptane/ethyl acetate 9/1 (v/v) gave 96.4 g of N-(t-butyioxycarbonylmethyl)-D-Phe- 
30 OMe. TLC: Rf= 0.90, silica gel, ethyl acetate/pyridine/acetic acid/water 376/31/18/7 v/v/v/v . 
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N-ft-Butvl oxvcarbonvimethvlVN-RocD-Phe-OMe 

The pH of a solution of N-<t-butyloxycarbonylmeth^)-D-Phe-OMe (96.4 g) and di-t-butyl 
dicarbonate (72.2 g) in N,N-dimethyl forraamide (400 ml) was adjusted to 8.5 with N,N- 
diisopropylethylamine. The mixture was stirred for 48 h at room temperature. The solvent was 
removed in vacuo. Dichloromethane and water were added to the residue. The organic layer 
was separated, washed with cold IN hydrogen chloride, water, saturated sodium hydrogen 
carbonate solution and water. The organic layer was dried over sodium sulfate and the filtrate 
was evaporated. The residue was chromatographed on silica in toluene/ethyl acetate 9/1 (v/v) 
as eluent. The fractions containing N^t-Butyloxy(arbonylmethyl)-N-Boc-D-Phe-OMe were 
pooled and evaporated. Yield: 1 15.3 g. TLC: Rf= 0.77, silica gd, toluene/ethyl acetate 9/1 v/v. 

! N^t-ButvioxvCTiboiivlmetlwl^-N-Boc.n-Ph^-nH 

j A solution of N^t4wtyloxycart)onylmethyl)-N-Boc-D.Phe^Me (115.3 g) in 800 ml of 
I dicxane/water = 9/1 (v/v) was treated with sufficient 2N sodium hydroxide to keep the pH at 
] 12 for 16 hours at room temperature. After acidification, the mixture was poured into water 
I and was extracted with dichloromethane. The organic layer was washed with water and was 
I dried over sodium sulfate. The filtrate was evaporated and yielded 104 g of N-(t- 
j butvioxycarb«iylmethyl)-hNBo 

1 TLC: Rf= 0. 10, silica gel, toluene/ethyl acetate 7/3 v/v. 

.1. 

A 

N-(t-Butvloxvcarbonv» methv»VN-Bnc-D-Phe-Pro-^Brl 

To a cold (0 °C) solution of N-(t-butyloxycarbonylmethyl)-N-Boc-D-Phe-OH (5.3 g) in N,N- 
dimethyl formamide (40 ml) were successively added 1 -hydroxy benzotriazole (2.8 g), 
dicyclohexyl carbodiimide (3.2 g), H-Pro-OBzLHCl (3.78 g) and trietliylamine (2.16 ml). The 
mixture was stirred at 0 °C for 1 hour and then kept at room temperature overnight. The 
mixture was cooled to -20 °C and dicyclohexylurea was removed by filtration. The filtrate was 
evaporated to dryness. The residue was dissolved in ethyl acetate and washed successively with 
5% sodium hydrogen carbonate, water, 2% citric acid and brine, dried over sodium sulfate and 
concentrated in vacuo. The residue was chromatographed on silica gel in heptane/ethyl acetate 
674 (v/v ) as eluent. The fractions containing N-(t-butyloxycaroonylmethyI)-N-Boc-D-Phe-Pro- 
OBzl were pooled and evaporated. Yield: 4.35 g. TLC: R f = 0.74, silica gel, heptane/ethyl 
acetate 1/1 v/v. 
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N^t-ButvioxvcarfaonvlmethvlVN-Boc>D>Phe-Pro-QH 

10% palladium on charcoal (450 mg) was added to a solution of N-(t-Butyloxy- 
carbonylmethyl)-N-Boc-D-Phe-Pro-OBzl (435 g) in methanol (50 ml). The mixture was 
hydrogenated at atmospheric pressure at room temperature for 45 min. The palladium catalyst 
5 was removed by filtration and the solvent was removed by evaporation at reduced pressure 
yielding 3.48 g N-(t-Butyloxycarbonylmrthyl)-N-Boc-D-Phe-OH. 
TLC: Rf - 0.63, silica gel, ethyl acetate/pyridine/acetic acid/water 664/31/18/7 v/v/v/v . 

N^t-ButvloxvcartK>^^ 

10 To a cooled (-20 °Q solution of 375 mg N^t-butyloxycarbony^^ 

^ ami 276 ml N,N-diisopropylethylamine in 10 ml of N,N-dimethyl formamide, 100 ml isobutyi 

g chloroformate was added. The reaction mixture was stirred for another 20 minutes at -20° C. 

W H4^s(CbzH2-thiazolyi).TFA (362 mg) was dissolved in 5 ml N,N-dimethyl formamide and 

!"j adjusted to pH 8 with N,N-diisopropylethylamine. This solution was slowly added to the 

iSUJ reaction mixture. The reaction mixture was stirred for 15 min at -20 °C and theft allowed to 

. "l.. 7. 

warm up to room temperature. The reaction mixture was evaporated to dryness and the residue 
y was dissolved in ethyl acetate. The organic phase was washed with 5% sodium 
Q hydrogencarbonate, water and brine, dried over sodium sulfate and concentrated to give 622 
jit J mg of crude product. Silica gel purification, using dichloromethane/methanol 97/3 v/v as eluent, 
20111 afforded 394 mg of N^t-butyioxycaibonylmethyl^ 

TLC: Rf= 0.50, silica gel, dichloromethane/methanol 95/5 v/v. 

HOOC-^D-Phe-Pro^Lv^thiazolvn. 

The protected tripeptide (394 mg) was treated with trifluoroacetic acid and thioanisole 
25 according to the procedures described in example 1 to afford, after HPLC purification, 206 mg 
ofHOOC-CH2-D-Phe-Pro-Lys-(2-thiazolyl). 

Rt (LC): 27.9 min, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 

Example 25. 

30 H QQ C-CH 2-P-P-Q ^ 

HOOC-CH2-D-p-OCH3-Phe-Pro-Lys-(2-thiazoiyl) was prepared in a similar manner as 
described in example 24, starting from H-D-P-OCH3 -Phe-OH. HCL Deprotection (see example 



SUBSTITUTE SHEET (RULE 28) 



WO 97/17363 PCT/EP96/04785 

41 

1) of 345 mg N-(t-butyioxycarbony!methyl)-N-Boc-D-p-OCH3-Phe-Pro-Lys(CbzH2- 

thiazolvl) gave, after HPLC purification, 153 mg of the product. 

Rt (LC): 28.9 min, 20% A, 80% B to 20% A, 20% B and 60% C m 40 min. 

Example 26. 

HQOC-^D/L-m-F-Phe-Prn-T. vs^-thiazolvn. 

N^t-Butviowcarb^ny1methyt>-N-Bpff-P/L-m-F-Phe-OH, 

According to analogous procedures as described in example 24, H-D/L-m-F-Phe-OH. HC1 
(5 g) was converted into N-(t-butyloxycarbonyIixietb^^ Yield: 8 g. 

TLC: Rf * 0.65, silica gel, ethyl acetate/ methanol 9/1 v/v. 

N^t-Butvloxvcarfaonvlmeth vlVN-Boc-D/L-m-F-Phe-Pro-OMe. 

To a cold (0 °Q solution of N^t-butyIoxycarbonylmethyl)-N-Boc-D/L-Er.-F-Phe-OH (7.9 g) in 
N,N-dimethyl formamide (80 ml) were successively added 1 -hydroxy benzotriazole (4.0 g), 
dicyclohexyl carbodiimide (4.5 g), H-Pro-OMeHCl (3.6 g) and triethvlanune (3.25 ml). The 
mixture was stirred at 0 °C for 1 hour and then kept at room temperature overnight. The 
mixture was cooled to -20 °C and dicyclohexyhirea was removed by filtration. The filtrate was 
evaporated to dryness. The residue was dissolved in ethyl acetate and washed successively with 
5% sodium hydrogencarbonate, water, 2% citric acid and brine, dried over sodium sulfate and 
concentrated in vacuo. The residue was purified over silica gel in heptane/ethyl acetate 7/3 v/v, 
to afford 6.9 g of the product. TLC: Rf = 0.65 heptane/ethyl acetate 1/1, v/v. 

N-(t-ButvloxvcarbonvlmethvlVN-Boc-D/L- m-F-Phe-Pro-QH. 

6.9 g of N-(t-Butyloxycarooiwimethyl>N-Boc-D/L-m-F-Phe-Pro-OMe, dissolved in 
dioxane/water: 9/1 v/v (60 ml), was treated with a 1 N sodium hydroxide solution (13.8 ml) 
portionwise over 16 hours, keeping the pH at 10 - 10.5. The reaction mixture was diluted with 
ice-water and acidified with 2 N hydrogen chloride solution until pH 2. The aqueous layer was 
extracted with dichloromethane. Next, the organic phase was washed with cold water, dried 
over sodium sulfate and concentrated to give 14.7 g crude material. Purification over silica gel 
in ethyl acetate/methanol 9/1 v/v afforded 5.22 g. TLC: Rf = 0.20, silica gel, ethyl 
acetate/methanol 8/2 v/v. 
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N4t-Butvloxv«^ onvimethvlV.N-Boc>^^ 

Coupling of N^utyloxycarbonybnethyl)-N-Boc-D/L-m-F-Phe-OH (601.3 mg) with H- 
Lys(Cbz)-(2-thiazolyl) was performed under the same conditions as described in example 24. 
Yield: 684.3 mg. TLC: Rf = 0.74, silica gel, dichloromethane/methanol 95/5 v/v. 

5 

N^t^utyloxycarbonyimethyl^ (673.5 mg) 

was treated under the same conditions with trifluoroacetic acid and thioanisole as described in 
example I to afford 259 mg of pure product after HPLC-purification. 
10 Rt (LC): 28.4 min and 29.0 min, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 

U 

Q Example 27. 

13 HCOC^2-^P-^l- pne - Pro - Lvs -^ 2 - thiazolvlv 

£ ■ 

15 Uj N^utyloxYcaT^ 

" According to analogous procedures as described in example 24, H-D/L-p-CF3-Phe-OH. HCI 
•3(10.12 g) .was converted into N-<t-ButyIoxycarbonyimethyI>N-Boc-D/L-p-CF3-Phe-OH. 
q Yield: 12.23 g. TLC: Rf= 0.64, silica gel, ethyl acetate/ methanol 9/1, v/v. 

£1 

20 111 N^t-Butvloxvcaiftonvimeth^ 

An amount of 6.10 g N<t4Jutyloxycaibonylmethyl>N-^^ was coupled 

to H-Pro-OBzl. HCI according to the same procedure as described in example 24. After work- 
up, the diastereoisomers could be separated by silica gel, using heptane/ethyl acetate 75/25 v/v, 
to afford 0.63 g of pure N-(t-Butyloxycarbonyime%^ 

25 TLC: Rf = 0.35, silica gel, heptane/ethyl acetate 7/3 v/v. 

ijjfcbytfe 

N^t-butyloxycaAonylmethyl)-N-BcK:-D-p-CF3-Phe-Pro-OBd (630 mg) was reduced and 
subsequently coupled to H-Lys(Cbz>(2-thiazolyl) using the procedures as described in example 
30 24. Yield: 317.7 mg. TLC: Rf « 0.46, dichloromethane/methanol 95/5 v/v. 
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HOOC-CH 2 -D-p-C^ ^ 

The removal of the protected groups from N^t-butyloxycarbonyImethyl)-N-Boc-I)-p-CF3-Phe- 
Pro-Lys(CbzH2-thiazolyI) (306.5 mg) was performed using the same method as described in 
example 24. After HPLC purification 157 mg of product was isolated. 
R t (LC) - 36. 7 min, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 

Example 28. 

HOOC^2^P^ 1 ' Ph ^^ Lv ^ 2 - thiazolviV 
N^t-Butvloxvcarbonvlme^^ 

According to analogous procedures as described in example 24, H-D-p-CI-Phe-OH. HC1 (10 g) 

□ was converted into N^t-Butyloxyaubonylmethyl^ Yield: 16.7 g. TLC: 
f"; Rf^ 0.27, silica gel, ethyl acetate/methanol 9/1, v/v. 

J N^t-butvtoxvcarto^ . , 

1 A solution of NKt^utyloxycarbon>1methyi>N-Bo<>D-p-Cl-Phe-OH (14.67 g) in 250 ml 

□ acetonitrile was treated with N-hydroxysuccinimide (4. 11 g) and H3-dimcdiylamim>propyl>-3- 
JJ" ethjdcarbodiimide (EDCI) hydrochloride (6.86 g) overnight at room temperature. The reaction 
4« mixture was evaporated to dryness and the residue was dissolved in ethyl acetate. The organic 
pJi phase was washed with water, dried over sodium sulfate and concentrated to afford 19 J 1 e 

active ester, which was directly used in the next step. 

N-/t>butv}oxvcarbonvlmethvn-N-Boc>D-p-Cl-Phe~Pro-OH 

H-Pro-OH.HCl (10.79 g) was dissolved in 100 ml N,N-dimethyl formamide and 100 ml water. 
The pH of the reaction mixture was adjusted to 8 with a 1 N sodium hydroxide solution, 
whereafter N-(t-butyloxycarbonyimethyl)-N-Boc-D-p-Cl-Phe-ONSu (19.11 g), dissolved in 120 
ml of N,N-dimethyl formamide, was added dropwise. The reaction was stirred overnight at 
room temperature at pH 8. The reaction mixture was cooled and adjusted to pH 2 with 1 N 
hydrochloric acid. The aqueous layer was extracted with dichloromethane. The organic phase 
was washed with water, dried over sodium sulfate en evaporated in vacuo. Silica gel 
purification, using a gradient ethyl acetate/methanol 9/1 TLC: Rf « 0.24, silica gel, ethyl 
acetate/methanol 8/2 v/v. 
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N^t-butvloxvcarbonvlmethv l^ 

According to the procedures described in example 24, N-(t-butyloxycarbonyImethyI)-N-Boc-D- 
p-Cl-Phe-OH (369.4 mg) was converted into the target compound. Yield: 249. 1 mg. 
TLC: Rf = 0.25, silica gel, dichloromethane/methanol 97/3 v/v. 

HOOC^CH^-D^CUPhe-Pro-Lv^thiazolvn 

As described in example 1, 231.5 mg N-(t-butyloxycari)onylmethyl)-N-Boc-D-p-d-Phe-Pro- 
Lys(CbzM2-thiazolyl) was deprotected and purified to obtain 109.8 mg of the product. 
R t (LC) = 33.8 min, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 

, ; Example 29. 

j HOOC^H24>M>C!-Phe-Pro-Lys-(2-thiazolyl) was prepared in a similar manner as described 
j in example 26, starting from H4>/L-o-CI-Phe-QRHCl. The two diastereoisomers were 
j separated in the pro*3cted tripeptide stage. Deprotection of 230 mg of N-(t- 
• butyloxycarbonylmethyl^^^ according to the 

I method described in example 1, afforded 1 16 mg product after HPLC purification. - 
j R t (LC) - 30.0 min, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 

| Example 30. 
HOOC-CH2>D/L-m.iMii^Phe-Pro>Lvs>f2-thiazolvlY 

This compound was prepared in a similar manner as described in example 26, starting from H- 
D/L-m,jwl!.F-Phe^)H.HCL Removal of the blocking groups of the protected tripeptide (720 
mg) followed by HPLC purification, as described in example 1, afforded 170 mg of the product. 
R t (LC) = 30.7 min and 3 1 . 1 min, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 

Example 31. 

HOOC-CHo-D/L^o.H^Cl-Phe-ProLv^-thiazolvlV 

This compound was prepared in a similar manner as described in example 26, starting from H- 
D/L-o,p-^i-Cl-Phe-ORHCL Removal of the blocking groups of the protected tripeptide 
(1.07g) followed by HPLC purification, as described in example 1, afforded 100 mg of the 
product. 

R t (LC) - 35.4 min and 36. 1 min, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 
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Example 32. 

HOOC^^Tvr-Pr^Lv^thi^olvn 

N-4>enzyloxycaibonyIoxysurc^^ (5:75 g) was added to a suspension of D-Tyr(tBu)-OH 
(5.0 g) in N,N-dimethyl fonnamide (40 ml). The pH of the solution was adjusted to 8 using 
triethylamine. The reaction mixture was stirred overnight at room temperature and then 
evaporated to dryness in vacuo. The residue was dissolved in dichloromethane and diluted with 
ice water. The pH of the water layer was adjusted to pH 2.5 with 2 N hydrogen chloride. The 
organic layer was separated and the aqueous phase was extracted with dichloromethane The 
organic layers were combined and washed with water, dried over sodium sulfate and 
concentrated. Yield: 9.95 g. TLC: Rf= 0.3 1, heptane/ethyl acetate 1/1. 

Cbz-P-Tyr(tBwH?Mg 

[2-<lH-benzotria2oH -yl)-l , 1 ,3,3-tetramethyluronium tetrafluoroborate) ( 7.45 g) was added to 
la solution -of Cbz-I>-Tyr(tBu)-OH (9.95 g) in dichloromethane (45) and m^^i%S ^yiht 
I pH of the mixture was adjusted to 8 with N,N^ii»opr6^iert^am^ The reason mixture was 

stirrred fin" 1 hour at room temperature and then quenched with 5% sodium 
.» hydrogencarbonate. The organic phase was separated and washed with water, 2% citric add 

5 

| and brine, dried over sodium sulfate and concentrated under reduced pressure. Yield: 10.2 g. 
TLC:Rf = 0.74, heptane/ethyl acetate 1/1. 

H-D-Tvrf tBuWOMe.HCl. 

10% palladium on charcoal (1.2 g) was added to a solution of Cbz-D-Tyr(tBu)-OMe (10.2 g) 
in methanol (100 ml) and 4N hydrogen chloride (5 ml). The mixture was hydrogenated at 
atmospheric pressure at room temperature for 2 hours. The palladium catalyst was removed by 
filtration. The filtrate was concentrated to a small volume followed by cystaliisation from 
diethyl ether. Yield: 5.87 g. TLC. Rf = 0.10, heptane/ethyl acetate 1/1. 

HOOC-CHo-D-Tyr-Pro-Lvs-a-thiazolviy 

This compound was prepared in a similar manner as described in example 24, starring from H- 
D-Tyr(tBu)-OMe.HCl. Deprotection of 586 mg N-(t-butyloxycarbonylmethyl)-N-Boc-D- 
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Tyr(tBu)-Pro-Lys(Cbz)-(2-thia2olyl), according to the procedures described in example 1, gave 
283 mg of the product, after HPLC purification. 

(LC) = 20.9 rnin, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 

Example 33. 

HQOC^2 - p ^P- CT 2- phe - Pro - Lvs - (2 - thiazolvly 
H-D/L-p-CH 2 -Phe-OHHn 

A suspension of sodium hydride (3.28 g, 60% dispersion in mineral oil) in ethanol (40 ml) was 
added to a solution of a-chloro-p-xylene (10 g), diethyl acetamidomalonate (19.3 g) and sodium 
iodide (8.55 g) in dioxane (80 ml) and ethanol (20 ml). The reaction mixture was refluxed at 
80 °C for 90 min. The solvent was removed under reduced pressure and the residue was 
dissolved in ethyl acetate. The organic phase was washed with 5% sodium hydrogensulfate, 5% 
sodium hydrogensulfite, water, 5% sodium hydrogencarbonate and brine, dried over sodium 
sulfite and concentrated in vacuo. The product was crystallised from heptane to afford 19.8 g 
°£ condensation product. This was treated with 6 N hydrogen chloride (420 ml) and acetic 
acid (210 ml) overnight at 95 °C to afford, after evaporation to dryness, 21.6 g of the product. 
TLC: Rf= 0.15, silca gel, ethyl acetate/pyridine/acetic add/water 664/3 1/18/7 v/v/v/v . 

HQQC^2^- p - CH l- phe - PrQ - Lvs - f2 - thia2Qlvlv 

According to the same methods as described in example 24, HOOC-CH2-D/L-p-CH3-Phe-Pro- 
Lys-(2-thiazolyl) was prepared starting from H-D/L-p-CH 3 -Phe-OH.HCl. Removal of the 
blocking groups from the protected tripeptide (582 mg) and HPLC purification was performed 
under similar conditions as described in example 1. Yield: 120 mg. 
R t (LC) = 3 1 .9 min, 20% A, 80% B to 20% A 20% B and 60% C in 40 min. 

Example 34. 

HOOC-rH 2-D-m-Cl-Phe-Pro-Lvs-(2-thia2olvlV 

Starting from 3-chloro benzylbromide, H-D/L-m-Cl-Phe-OH.HCl was prepared as described in 
example 33. Next, the fully protected tripeptide was assembled according to the same 
procedures as described in example 26. In the final step 1 g N-(t-butyIoxycarbonylmethyl)-N- 
Boc-D/L-m-Cl-Phe-Pro-Lys(Cbz)-(2-thiazolyl) was treated with trifluoroacetic acid and 
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thioanisole (see example 1). After HPLC purification 195 mg HODC-CH 2 -D-m-CI-Phe-Pro- 
Lys-(2-thiazolyl) was isolated. 

R t (LC) - 3 1.7 min, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 
5 Example 35. 

HQQC-CH2-^-PPA.Pro.Lvs-r2-thi a2 oiviv <dpa - ri;ph ft nyi a i an ;»A) 
This compound was prepared in a similar manner as described in example 24, starting from H- 
D-DPA-OH.HCI. Deprotection of 570 mg N-(t-buryloxycarbonylmethyl)-N-Boc-D-DPA-Pro- 
Lys(Cbz)-{2-thiazolyl), according to the methods described in example 1, afforded after HPLC 
10 purification 194 mg end product. 
! ?! : »t (LQ - 35.6 min, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 

i jj Example 36. 

!g HQQi^^^m-OH-Phe.Pro-Lv S ^hi ay nlyn 
15 j y This compound was prepared in a similar manner as described in example 24, starting from H- 
5 D/L-m-OH-Phe-OH.HCl. The phenolic hydroxjrl function was also protected with a Boc group 
Q during the introduction of the Boc group on the N-terminus. Deprotection (see example 1) of 
Q 1.21 g N^utyioxycarbonyimethyl^ 

|| afibrded after HPLC purification the desired diastereoisomer. Yield: 99 mg. 
20 llRt(LC) = 23.8min,20%A80%Bto20%A2()%Band«)%Cm40iiun. 

Example 37. 

HOQC-CH2-D/L-m-OCH2-Phe-Pro-Lvs-(2-thiazolvn 

> 

25 Boc-D/L-m-QH-Phe-OH 

H-D/L-m-OH-Phe-OH.HCl (5.25 g) was dissolved in dioxane (55 ml), water (28 ml) and 1 N 
sodium hydroxide solution (29.0 ml). Di-t-butyl dicarbonate (6.95 g) was added and the 
reaction mixture was stirred overnight at room temperature at pH 9. The reaction mixture was 
diluted with water (200 ml) and extracted with heptane. The aqueous layer was diluted with 

30 ethyl acetate (150 ml) and acidified to pH 2 with IN hydrogen chloride. The organic phase was 
separated and the water layer was extracted with ethyl acetate. The organic layers were 
combined and washed with water and brine, dried over sodium sulfate and concentrated in 
vacuo. Yield: 8.49 g. 
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TLC: R t = 0.67, silica gel, ethyl acetate/pyridine/acetic acid/water 126/20/6/1 1 v/v/v/v. 



Boc-D/L-m-OCH2- phe -0 Me 

A mixture of Boc-D/L-m-OH-Phe-OH (8.49 g), sodium carbonate (23.9 g) and iodomethane 
5 (20.3 ml) in N,N-dimethyl formamide (60 ml) was stirred at 60 °C for 48 h. Next, the reaction 
mixture was poured into ice-water and acidified to pH 2.5 with 2 N hydrogen chloride, 
followed by extraction with ethyl acetate. The organic layers were combined and washed with 
water and brine, dried over sodium sulfate and concentrated in vacuo. The crude product was 
purifed by silica gel chromatography using heptane/ethyl acetate 7/3 v/v. Yield: 6.66 g. 
10 TLC: R t = 0.56, silica gel, heptane/ethyl acetate 3/2 v/v. 



25 



Example 38. 

HOOC-CH2-D/L-p-Br-Phe-Pro-Lvs-f2-thiazolvl) 



g H-D/L-m-OCTh-Phe-OMeTFA |||| 

uj Boc-D/L-m-OCH3-Phe-OMe (6.66 g) was dissolved in dichloromethane (20 ml) and 

j trifluouroacetic acid (20 ml) and stirred at room temperature for 2 hours. The solvent was 

igy removed under reduced pressure and the crude product was coevaporated from toluene twice. 

si 1 • " 1 

Yidd;9.56g. mesm 
□ TLC: R t = 0.32, silica gel, ethyl acetate/pyridine/acetic acid/water 126/20/6/1 1 v/v/v/v. 

m H-D/L-m-OCH3-Phe-OMe.TFA was used to assemble N^t-butyloxycart>onyime%^ 

D/L-m-OCH3-Phe-Pro-Lys(CbzH2-thiazolyl) according to the same route as described in 

example 24, Treatment of 624 mg of the protected tripeptide with trifluoroacetic acid and 

thioanisole (see example 1), followed by HPLC purification afforded 1 14 mg of the product. r&J&v 

R t (LC) = 29.3 min and 29.8 min, 20% A, 80% B to 20% A, 20% B ar-d 60% C in 40 min. 



Boc-D/L-p-Br-Phe-OH ||||||. 
30 A suspension of H-D/L-p-Br-Phe-OH (2.44 g) in 25 ml t-butanol/water 1/1 v/v was adjusted to 
pH 9 with sufficient diluted sodium hydroxide (1 N) solution. Di-t-butyl dicarbonate (3.27 g) 
was added and the reaction mixture was stirred overnight while the pH was kept at 9. The 
reaction mixture was diluted with water, followed by extraction with heptane. The water layer 
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was diluted with ethyl acetate and subsequently acidified to pH 2.5 using 2 N hydrogen 
chloride. The organic phase was separated and the aqueous phase was extracted with ethyl 
acetate. The organic layers were combined and washed with water and brine, dried over sodium 
sulfate and concentrated in vacuo. Yield: 3.35 g. 
5 TLC: R t = 0.32, silica gel, ethyl acetate/pyridine/acetic acid/water 126/20/6/1 1 v/v/v/v. 

Boc-D/L-p-Br-Phe-Pro-OH 

BooD/L-p-Br-Phe-OH (335 g) was coupled with H-Pro-OMe.HCl and subsequently 
saponified with sodium hydroxide according to the same methods as described in example 26. 

10 Yield: 3. 13 g. TLC: Rf « 0.45, silica gel, ethyl acetate/methanol 9/1 . 

a Bw-P/L^p-Br-Phe-Pro^Ly^CbgMZ-thiazolY)) 

j'7; Coupling of Boc4)/L-p-Br-Phe4>ro-OH (750 mg) with H-Ly<CbzM2-thiazolyl) was 

;*0 performed under the same conditions as described in example 24. Yield: 1 .01 g. 

Jjj TLC: Rf - 0.85, silica gel, dichloromethane/methanoi 9/1 v/v. 

p H-D/L^Br-Pfc Prp>Ly^(^ Z H?-thiff?plYl) t TIA ■** : -a" v: 

Boc-D/L-p-Br-Phe-Pro-Lys(Cbz)-(2-thia201)i) (1.01 g) was dissolved in trifluoroacetic acid 
,p (TFA, 10 ml) and stirred for 1 hour at room temperature. The solvent was removed under 

11 reduced pressure. Yield: 879 mg. 

TLC: Rf - 0.75 and 0.68, silica gel, ethyl acetate/pyridine/acetic acid/water 63/20/6/1 1 v/v/v/v. 

N4t-buWloxvcaAonvlmethv^ 

t-Butyl bromoacetate (264 ml) was added to a solution of H-D/L-p-Br-Phe-Pro-Lys(Cb2)-(2- 
25 thiazolyl).TFA (879 mg) in acetonitrile (25 ml). The pH of the reaction mixture was adjusted to 
8 with N,N-diisopropylethylamine whereafter the reaction mixture was allowed to stand 
overnight at room temperature. The solvent was removed by evaporation and the residue was 
dissolved in ethyl acetate. The organic phase was washed with water, 5% sodium 
hydrogencarbonate and brine, dried over sodium sulfate and concentrated in vacuo. The crude 
30 product was purified over silica gel using dichloromethane/methanol 95/5 v/v to afford 850 mg 
of the protected tripeptide. 

TLC: Rf = 0.91, silica gel, ethyl acetate/pyridine/acetic acid/water 63/20/6/1 1 v/v/v/v, 
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H(X)C^2~ p ^-P- Br - ph ^^ 

N^t4>utyioxycarbonylmethy^ (850 mg) was treated 

under the same conditions with trifloroacetic acid and thioanisole as described in example 1 to 
obtain, after HPLC purification, 123 mg of the product. 

R t (LC) = 33.9 min and 34.4 min, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 
Example 39. 

This compound was prepared in a similar manner as described in example 38, starting from H- 
D-p-F-Phe-OH. Deprotection (see example I) of 563 mg N^t-*ut)doxycarbonjdmethjrf)-I>-p-F- 
Phe-Pro-Lys(CbzH2-thiazolyl) gave, after HPLC purification, 182 mg of the product. 
St Rt (LC) - 29.7 min, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 

2l Example 40. 

SI This compound was prepared in a similar manner as described in example 38, starting from H- 
'% r D/L-m,p-di<a-Phe-OH. Deprotection (see example 1) of s 480 ^ mg N-(t- 
M butyioxycaibonylmethyl)-D/L^ gave, after HPLC 

J* purification, 191 mg of the product. 

3 Rt (LC) = 36.8 min and 37.8 min, 20% A, 80% B to 20% A, 20% B and 60% C in 40 min. 

fll 

Example 41. 

P^ S02 ^9rL ffl(wgl Q) q>y- L ys T [CQCO ]-OH (Bzl = benzyl) 
Cbz-LysfBocVQMe 

Cbz-Lys(Boc)-OH (28 g) was dissolved in dichloromethane/ methanol = 9/1 v/v (500 ml). 2- 
(lH-benzotriazol-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (23.6 g) was added and 
the solution adjusted to pH 8 by addition of triethylamine. The reaction mixture was stirred for 
2 h at room temperature. The mixture was washed successively with cold IN hydrogen chloride 
solution, water, 5% sodium hydrogencarbonate, and water and dried over sodium sulfate. The 
filtrate was evaporated and the residue was chrornatographed on silica gel in ethyl 
acetate/heptane = 1/4 v/v as eluent. The fractions containing Cbz-Lys(Boc)-OMe were pooled 
and evaporated. Yield: 29.1 g 
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TLC: Rf= 0.85, silica gel, ethyl acetate/heptane=3/ 1 v/v. 

To a cold (-78 °C) solution of Cbz-Lys(Boc)-OMe (29.1 g) in dry dichloromethane (800 ml) 
was added dropwise diisobutyl aluminiumhydride (222 ml of 1M solution in hexane) at a rate to 
keep the reaction temperature below -70 °C The resulting solution was stirred at -78 °C for 1 
h. A 5% citric-acid solution (600 ml) was added to the reaction mixture. The two layer mixture 
was stirred at room temperature for 10 minutes, the layers were separated and the aqueous 
layer was extracted with dichloromethane. The combined dichloromethane layers were washed 
with water and dried over sodium sulfate and filtered. The solution was placed under nitrogen 
and cooled on a icewater-bath. A solution of sodium cyanide (36.3 g) and benzyltriethyl 
ammonium chloride (4.2 g) in water (600 ml) was added. Under vigorous stirring acetic 
anhydride was added portionwise (2 x 9 ml) over a period of 30 nun. The organic layer was 
separated and the aqueous layer was extracted with dichloromethane. The combined 
dichloromethane layers were washed with water, dried over sodium sulfate, filtered and 
evaporate^ in vacuo. The residue was purified by chromatography on silica (eluent : 
heptane/ethyl acetates 1/1 v/v) to yield Cbz-Lys (Boc)Y[cyanoacetate] (26.3 g.) 5 
TLC: Rf = 0.60, silica gel, dichloromethane/ethyl acetate * 7/3 v/v. v 

Cbz-LvsfBocWrCHOHCOVOMe 

A solution of Cbz-Lys(Boc)T[cyanoacetate] (26.3 g.) in diethyl ether/methanol = 3/1 v/v (600 
ml) was cooled to -20 °C under nitrogen, and 66 g of gaseous hydrochloric add was introduced 
keeping the temperature below -5 °C. The reaction mixture was kept at 4 °C overnight Water 
(100 ml) was added dropwise to the reaction mixture keeping the temperature below 5 °C. 
After stirring for 16 h at room temperature the organic layer was separated and washed with 
water. The aqueous layer was saturated with sodium chloride and extracted with sec- 
butanol/dichloromethane = 3/2 v/v. The organic phase was washed with brine, dried over 
sodium sulfate, filtered and evaporated in vacuo to give 25.4 g of the crude amine. The residue 
was taken up in N,N-dimethyI formamide (400 ml), and bis-(tert-butyl)anhydride (16 g) was 
added and triethylamine until pH 8. The reaction mixture was stirred at room temperature 
overnight. The solvent was removed by evaporation at reduced pressure. The residue was 
dissolved in ethyl acetate, washed with water and brine successively, dried over sodium sulfate, 
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filtered and evaporated in vacuo. The residue was purified by chromatography on silica (eiuent: 
ethyi acetate/heptane - 4/6 v/v) to yield Cbz-Lys(Boc)¥[CHOHCO]-OMe (15.8 g). 
TLC: Rf = 0.75, silica gel, ethyi acetate/pyridine/acetic acid/water==63/20/6/1 1 v/v/v/v. 

H>LvsfBocWrr HOHCO>OMe 

10% palladium on charcoal (92 mg) and 2.18 ml of a IN hydrochloride solution were added to 
a solution of Cbz-Lys(Boc)Y[CHOHCO].OMe (0.92 g) in KN-Dimethyl formamide (20 ml). 
The mixture was hydrogenated at atmospheric pressure at room temperature for 3 h. The 
palladium catalyst was removed by filtration and the solvent was removed by evaporation at 
reduced pressure yielding H-Lys(Boc)¥[CHOHCO]-OMe.HC! quantitatively. 
TLC: RfO.47, silica gel, ethyl acetate/pyridine/acetic acid/water = 88/31/18/7 v/v/v/v. 

BzlSO^norWCTctoGlv-L^ 

(S)-34)en^l^onylamido-2-oxo-l-azeptneacedc add was prepared according to the procedure 
in example 18. To a cold (0 °C) solution of (S)-3-ben2ylsulfonyIamido-2H)xo-l-a«pineacetic 
acid (BzlS02-norLeu(cyclo)GIy) (400 mg) in N,N-dimethyt formamide (20 ml) were 
successively added I-hydroxy benzotriazole (238 mg), dicyclohexyi carbodiiniide (267 mg), 
H-Lys(Boc)T[CHOHCO]-OMe.HCi (385 mg) and triethyiamine (0.32 ml)! The mixture was 
stirred at 0 °C for 1 hour and then kept at room temperature overnight. The mixture was 
cooled to -20 °C and dicyclohexylurea was removed by filtration. The filtrate was evaporated to 
dryness. The residue was dissolved in ethyl acetate and washed successively with 5% sodium 
hydrogen carbonate, water, 2% citric acid, saturated aqueous sodium chloride, dried over 
sodium sulfate and concentrated in vacuo. The residue was chromatographed on silica gel in 
dichloromethane/methanol = 9/1 (v/v) as eiuent. The fractions containing BzlS02- 
norLeu(cydo)Gly-Lys(Boc) Y[CHOHCO]-OMe were pooled and evaporated. Yield: 663 mg. 
TLC: Rf =0.91, silica gel, ethyl acetate/pyridine/acetic acid/water « 63/20/6/1 1 v/v/v/v. 

BzlSOo-norLeufcvclo^Glv-LvsfBoc^rCHOHCQVOH 

BzlS0 2 -norLeu(cyclo)Gly-Lys(Boc) x F[CHOHCO]-OMe (650 mg) was dissolved in 
dioxane/waten=7/3 v/v (20 ml) and treated with 2M sodium hydroxide solution (1.05 ml) 
portionwise over 1 h at room temperature, keeping the pH at 12-13. The reaction mixture was 
diluted with water (20 ml), 2M hydrogen chloride solution was added until pH 2.0 and the 
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water layer was extracted with dichloromethane. The combined organic phases were washed 
with water, brine and dried over sodium sulfate, filtered and concentrated in vacuo to yield 
BzlS0 2 -norLeu(cyclo)Gly-Lys(Boc) x P[CHOHCO]-OH (740 mg). 



TLC: Rf=0.44, silica gel, ethyl acetate/pyridine/acetic acid/water = 63/20/6/1 1 v/v/v/v. |S; 

5 ■ 

— BzlS02-norLeufcvcloXjlv-LvsfBoc^ l FrCOC01-OH 

To a solution of BnSC>2-norLeu(cyclo)Gly-Lys(Boc)T[CHOHCO]-OH (740 mg) in dry 
dichloromethane (20 ml) was added 450 mg of periodinane (Dess-Martin reagent). After 1 h 
stirring at room temperature, 2% sodium thiosulfate solution was added (20 ml) and the 
10 mixture was stirred for 30 min at room temperature. The organic layer was separated, washed 
. with water, dried over soudium sulfate, filtered and evaporated in vacuo to give crude B2JSO2- 
ChoiI^(cyclo)Gly4^<)c)^[COCO]^ 

gjTLC: Rf=0.45, silica gel, ediyl acetate/pyridine/acetic add/water = 63/20/6/1 1 v/v/v/v. 



IS jaBzlSO^oiLeufcvclo^Glv-LvsyrCOCQVOH ] 
, BdS02-nori^u(cyclo)Gly-Lys(Boc)»P[COC03-OH (497 mg, crude) was treated with 90% - 
trifluoroacetic acid/water (10 ml) for 1 h at room temperature. The reaction mixture was ' \ 

; concentrated in vacuo and the residue dissolved in water and directly charged onto a I 
^preparative HPLC DeltaPak RP-Cig using a gradient elution system of 20% A/80% B to 20% 
20 if A/45% B/35% C over 45 min at a flow rate of 80 ml/min. Yield: 200 mg of BzlS(>2- 
noiLeu(cyclo)Gly-Lys^[COCO]-OH. 

R t (LC) : 26.37 min ; 20% A/80% B to 20% A/20% B/60%C in 40 min. |g^| 
Example 42. 

25 H-fN-CH3)-P-norLgM-Pro-LysTrcOC01-OH 
Boc-(N-CH3VNorLeu-Pro-OH 

This compound was prepared according to example 11. In a similar manner as described in 
example 1 was prepared: H-(N-CH 3 )-D-NorLeu-Pro-LysT[COCO]-OH Yield : 69 mg 
30 R t (LC) : 13.27 min ; 20% A/80% B to 20% A/20% B/60% C in 40 min. 



SUBSTITUTE SHEET (RULE 26) 



WO 97/17363 i PCT/EP96/04785 

T 

Example 43 54 
H^Phe^PrcvLysyrCOCOVOH 

Bpc-D-Phfr-Prp-QMg, 

To a cold (0 °C) solution of Boc-D-Phe-OH (5 g) in N,N-dimethyl formamide (200 ml) were 
successively added 1-hydroxy benzotriazole (4.29 g), dicyclohexyl carbodiimide (4.29 g), 
H-Pro-OMe.HCl (3.1 g) and N-ethylmorphoiine (3 ml). The mixture was stirred at 0 °C for 1 
hour and then kept at room temperature for 2 days. The mixture was cooled to -20 °C and 
dicyclohexyiurea was removed by filtration. The filtrate was evaporated to dryness. The residue 
was dissolved in ethyl acetate and washed successively with 5% sodium hydrogen carbonate, 
0.1M hydrogen chloride-solution, saturated aqueous sodium chloride, dried over sodium sulfate 
and concentrated in vacuo. The residue was chromatographed on silica gel in heptane/ethyl 
acetate = 6/4 (v/v) as eluent. The fractions containing Boc-D-Phe-Pro-OMe were pooled and 
evaporated. Yield: 1.5 g. 

TLC: Rf =0.90, silica gel ethyl acetate/pyridine/acetic add/waten=163/20/6/l 1 v/v/v/v. 
Bpp-P-Ph^Prp-Qfl, 

Boc-D-Phe-Pro-OMe (8.3 g) was dissolved in dioxane/water * 6/4 v/v (150 ml) and treated 
with 2M sodium hydroxide solution (16.5 ml) portionwise over 1 h at room temperature, 
keeping the pH at 12.5. 2M hydrogen chloride solution was added to the reaction mixture until 
pH 3.0 and the water layer was extracted with ethyl acetate. The combined organic phases were 
washed with water, brine and dried over sodium sulfate, filtered and concentrated in vacuo to 
yield Boc-D-Phe-Pro-OH (6.9 g). 

TLC: Rf =0.30, silica gel, ethyl acetate/pyridine/acetic acid/water = 213/20/6/11 v/v/v/v. 

In a similar manner as described in example 1 was prepared: H-D-Phe-Pro-Lys¥[COCO]-OH. 
Yield: 417 mg 

R t (LC) : 16.22 min ; 20% A/80% B to 20% A/20% B/60% C in 40 min. 
Example 44 

H^-CH3 VP-Phe-^ 

Boc^CH^VD-Phe^N^cvclopentvlVGlv^OH 
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This compound was prepared as described in example 3 using Boc-(N-CH3>D-Phe-OH a 
HCl.H-(N-cyclopentyl>Gly-OMe. 

TLC: Rf - 0.52, silica gel, dichloromethane/methanol - 9/1 v/v. 

In a similar manner as described in example 1 was prepared: 
H^^s^D-Phe-CN-cyclopentyO^Hy-Lys^PfCOCOl-OH. Yield : 87 mg 
R t (LC) : 23.92 min ; 20% A/80% B to 20% A/20% B/60% C in 40 min. 

Example 45. 

Ethvlsulfonvl-D-Phe-Pro-LvsTrCOCOl-OH 
Ethvlsulfonvl-D-Phe-Pro-OH. 

This compound was prepared according to example 22. 

In a similar manner as described in example 41 was prepared: 
EtIiylsulfonyl-D-Phe-Pro-LysTCCOCOl-OH. Yield : 90 mg. 
Rt (LC) : 28.04 min; 20% A/80% B to 20% A/20% B/60% C in 40 A%t^HK#^ J-'" 

Example 46. 

/4aR8aRVnerhvdroisoouinoline- 1 (RVc arhonvl-Pro-I .ysYrCOCOI-OH 

2^z44aR8 aRVperhvdroisoguinoHne-lfRVcarhonv1-Pro-QH, 
This compound was prepared according to example 20. 

In a similar manner as described in example 4 1 was prepared: 

(4aR,8aR)-perhydroisoquinoHne-l(R)-carbonyi-Pro-Lys , P[COC03-OH. Yield : 170 mg. 
R t (LC) : 18.95 min ; 20% A/80% B to 20% A/20% B/60% C in 40 min. 

Example 47 

HOOC-CH2-P-Coa-Pro-Lvs-/7-thiazo1vn (Coa » cyclo-octylalanine) 

Cyclo-octvlmethvl bromide 
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Cyclooctylmethanol (8.16 g) was dissolved in 47% HBr-solution (70 ml) and refluxed for 1 
hour at 130 °C. The reaction mixture was poured onto icewater (500 ml) and saturated sodium 
hydrogencarbonate solution (500 ml) was added. The aqueous solution was extracted with 
dichloromethane. The combined organic phases were washed with water, brine and dried over 
sodium sulfate, filtered and concentrated in vacuo. The residue was chromatographed on silica 
gel in toluene as eluent. The fractions containing cydo-octylmethyl bromide were pooled and 
evaporated. Yield : 9.85 g. TLC : Rf=0.95, silica gel, toluene 

(TlSlEthvl-2-ac^aniino-2-cvM^ 

Potassium tert.-butyiate (6.85 g) and ethyl acetamidocyanoacetate (8.1 g) were dissolved in 
dimethylsulfoxide (100 ml) at room temperature. Cycol-octyimethyl bromide was dissolved in 
dimethyisulfoxide (25 ml) and added dropwise to the reaction mixture. The mixture was stirred 
at room temperature for 44 hours. After pouring onto 500 mi water the precipitate, was filtered 
and dried to yield (R,S)^thyl-2-acetylamino-2-cyano-3-cyclooctyl-propionate (2.95 g) 
TLC: Rf=0.50, silica gel, heptane/ethyl acetate=3/7 v/v. 

• < * t " v < ' ' 

H-D L-Cvclo^c tvlalanine-OH HCl ; : . . 

(R,S)^hyl-2-acetylamino-2-cyano-3-cyclooctyl-propionate (2.95 g) was suspended in 100 ml 
of a 20% hydrogen chloride-solution and refluxed for 22 hours. The reaction mixture was 
cooled to 5 °C and the precipitate formed was filtered, washed with diethyl ether and dried. 
Yield : 2.69 g H-D,L-CycloK>ctylalanine-OH.HCl (H-U,L-Coa-OH.HCl) 
TLC: Rf=0.27 , silica gel, ethyl acetate/pyridine/acetic acid/water = 63/20/6/11 v/v/v/v. 

In a similar manner as described in example 24 was prepared: HOOC-CH2-D-Coa-Pro-Lys-(2- 
thiazolyl). Yield : 162 mg. 

R t (LC) : 38.35 min ; 20% A/80% B to 20% A/20% B/60% C in 40 min. 

In a similar manner as described in example 24 were prepared: 

Example 48 HOOC-CH 2 -D-2-Nal-Pro-Lys-(2-thiazolyl) (Nal = naphthylalanine) 
Yield : 423 mg 

R t (LC) : 35.78 min; 20% A/80% B to 20% A/20% B/60% C in 40 min 
Example 49 HOOC-CH 2 -D-norLeu-Pro-Lys-(2-thiazolyl) 
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rield:344mg 

R t (LC) : 24.84 min; 20% A/80% B to 20% A/20% B/60% C in 40 min 
Example 50 HOOC-CH2-D-Leu-Pro-Lys-(2-thia2ofyl) 
Yield: 138 nig 

5 R t (LC) : 24.50 min; 20% A/80% B to 20% A/20% B/60% C in 40 min 

Example 51. 
Anti-thrombin assay 

Thrombin (Factor Ila) is a factor in the coagulation cascade. 
10 The and-thrombin activity of compounds of the present invention was assessed by measuring 
L specj-ophotometrically the rate of hydrolysis of the chromogenic substrate s-2238 exterted by 
O thrombin. This assay for and-thrombin activity in a buffer system was used to assess the IC»- 

value of a test compound. 

" h 4 Test medium: Tromethan^e-Naa-poiyet^ glycol 6000 (TNP) buffer. Reference 

isj wwpomi: 12581 (Kabi) Vehicle :TNP buffer. Solubilisation can be assisted with 

: dimethylsulphoxide, methanol, ethanol, acetonitrile or tert-butyl alcohol which are without 

,U adverse effects in concentrations up to 2.5% in the final reaction mixture. 

Cf Technique Regents*: I. Tromethamine-NaCI (TN) buffer. Composition of the buffer; 

20 Tromethamine (Tris) 6.057 g (50 mmol), NaCI 5.844 g (100 mmol), water to 1 L The pH of the 
solution is adjusted to 7.4 at 37 °C with HCl (10 mmoH" 1 ). 2. TNP buffer. Polyethylene glycol 
6000 is dissolved in TN buffer to give a concentration of 3 g-1* 1 * 3. S-2238 solution: One vial S- 
2238 (25 mg; Kabi Diagnostica, Sweden) is dissolved in 20 ml TN buffer to give a 
conc^tration of 1.25 mg-mT 1 (2 0^01^). 4. Thrombin solution: Human thrombin (16 000 

25 nKat-viaT 1 ; Centraal Laboratorium voor Bloedtransfusie, Amsterdam, The Netherlands) is 
dissolved in TNP buffer to give a stock solution of 835 nKat-mT 1 . Immediately before use this 
solution is diluted with TNP buffer to give a concentration of 3.34 nKat*ml" 1 . 

- *A11 ingredients used are of analytical grade 

- For aqueous solutions ultrapure water (MilU-Q quality) is used. 

30 

Preparation of te^^ and^i^fer^ce compound_so(utipns 
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The test and reference compounds are dissolved in MilU-Q water to give stock concentrations 
of 10~ 2 molT 1 . Each concentration is stepwise diluted with the vehicle to give concentrations of 
1(T\ 10" 4 and 10~ 5 moH"\ The dilutions, including the stock solution, are used in the assay (final 
concentrations in the reaction mixture: 3-l(T 3 ; 10" 3 ; 3-10" 4 ; 10" 4 ; 3-10*; 10" 5 ; 3-10* and 10* 
molT 1 , respectively). 

ElScedure 

At room temperature 0.07S ml and 0.025 ml test compound or reference compound solutions 
or vehicle are alternately pipetted into the wells of a microliter plate and these solutions are 
diluted with 0.115 ml and 0.0165 ml TNP buffer, respectively. An aliquot of 0.030 ml S-2238 
solution is added to each well and the plate is pre-heated and pre-incubated with shaking in an 
»j incubator (Amersham) for 10 nun. at 37 °C Following preincubation the hydrolysis of S-2238 
2l is started by addition of 0.030 ml thrombin solution to each well. The plate is incubated (with 
pj shaking for 30 s) at 37 °C Starting after 1 min of incubation, the absorbance of each sample at 
1 405 nm is measured every 2 min. for a period of 90 min. using a kinetic microtiter plate reader 
S| (Twinreader plus, Flow Laboratories). 

^ All data are collected in an IBM personal computer using LOTUS-MEASURE. For each 
-compound concentration (expressed in motT 1 reaction mixture) and for the Wank the 
2; absorbance is plotted versus the reaction time in min. 

S 5 
I'll 

Evaluation of responses: For each final concentration the maximum absorbance was 
calculated from the assay plot. The ICso-value (final concentration, expressed in nmoM* 1 , 
causing 50% inhibition of the maximum absorbance of the blank) was calculated using the logit 
transformation analysis according to Hafher et al. (Arzneim.-Forsch./Drug Res. 1977; 27(H): 
1871-3). 



In the following table, ICso-values of compounds of the invention are listed: 



Example 


ICso-value (jjM) 


2(e) 


4.5 


4(b) 


4.34 


39 


19 


41 


0.135 
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